FOIA EXEMPT

ENFORCEMENT CASE REVIEW

DO NOT DISTRIBUTE OUTSIDE EPA ENFORCEMENT CONFIDENTIAL

I. PRODUCT REGISTRATION STATUS

ECR Log No. 16-2-4

RV

Product Label

BRAND COMPANY
NAME(S): Name: | Growth Products, Ltd. (Growth Products)
WEBSITE(S): www.growthproducts.com CompANY | 80 Lafayette Avenue
' : ADDRESS: | White Plains, NY 10603

Basic Registration Status

] REGISTERED

DATE ACCEPTED:

| EPA REG. NO.:

REGISTRANT NAME AND
ADDRESS:

X] UNREGISTERED

|Z| NO APPLICATION

D APPLICATION PENDING

FILE SYMBOL:

] CANCELLED/SUSPENDED

DATE:

EXISTING STOCK:

DEADLINES FOR:

DISTRIBUTOR!

USER:

D REGISTRANT REQUESTED

D NONPAYMENT OF MAINTENANCE FEES

D CANCELLATION / SUSPENSION ORDER OF: |

[ | oTHER (please explain):

[_] EXEMPTED

UNDER 40 CFR SECTION: |

Distributor Registration Status

SUPPLEMENTAL REGISTRATION D YES |Z NO

DATE OF SUPPLEMENTAL REGISTRATION: PRODUCT NAME:

DISTRIBUTOR NAME(S) AND ADDRESS(ES):

Pertinent Registration Information

NONE

Pesticide / Device Status

D NO PESTICIDAL CLAIMS
D NO PESTICIDAL EFFECT

IS THIS A PESTICIDE?  [X] YES [] NO (40 CFR § 152.15)

ISTHIS ADEVICE? []YEs [XINO



http://www.growthproducts.com/
http://www.growthproducts.com/
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Pest Control Claims and Other Factors That Identify the Product as a Pesticide or Device
(Including labeling and advertising)

he [ P -o-' -
attached to this enforcement case review (ECR request, contain the fo owing pest|C| al ClaiIms:

(a) From the |G 20e -

(1) “Activates ISR (Induced Systemic Resistance)”

2) is a unique formulation containing three important ingredients that are know [sic] to activate
Induce [sic] Systemic Resistance (ISR) in plants. By doing so, the plant is able to . . . better resist insect
and fungal attack.”

@) T cot=ins I - naturalH, which produces a broad spectrum of
resistance when a plant is exposed to fungi, bacteria and viruses.”

() From tre I I 1obe -

1) “Applications of || lij ealy in the plant's life can encourage earlier development, increased growth

© From the I I ‘e -

(1) “Helps Increase Resistance to Disease & Pests”

@ T o tins [ hich - - . increases the turf's resistance to disease and

pests.”

@ From tre [ '=>-!

(1) “Increases Root Mass”

(2) “Aids In Bloom Set”

In addition, Growth Products’ website (referenced on the labels attached to this ECR request) presents
umerous pesticidal claims associated with ”
#, which appear in advertising documents directed to customers that are involved in

caring for plants in different markets (e.qg., turf, arbor care, and agriculture):
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WOMERESNEWS -~ RESEARCH.  FADS  [CWALOG]  CONTACTUS  ABOUTUS

QUR DIGITAL CATALOG

Grawth Prgducts prides ils=If on servicing awr custormers nutritioral and diseass
reslste cds. Vhether the Joglls the groecnest turt, fightieg crop discass ar
as fially improved harv we hzve products of your needs|
Enc d an the job

I 10K || LU i R GHILULEL
| 1 | ML FRULUL vard 1

- T Ao uygiv myicids :
Companivr Biolugivs Funyicid T
= For lurt and PProfeasional Lancacace use for 'reventien and Uontrel of ol and Fohar Lhaeases

T T P 1) PP Y L T AT

Here are the I B
advertising documents and the pesticidal claims associated with them:

(a) For

@ is a unique formulation containing three important nutrients that are essential to enabling the plant
to develop and maintain a strong immune system. By doing so, the plant is able to overcome
environmental stress such as . . . better resilience to pests and diseases.”

(2) “A second mechanism for the beneficial effects of || i is its role in triggering a range of natural
defenses.”

(1) “The foIIowini studies evaluated . . _ a propriety [sic] formula containing [ and

for warding off spider mites.”

2) — contains both 100% solublem. Twospotted Spider Mites
are the most common pest of strawberries, effecting [sic] the overall health of developing strawberry
lants, reducing marketable yield. Under FQPA more chemicals are being removed for use on food crops.
provides an alternative biorational approach for the control of Twospotted Spider Mite Control.
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—q products are known to protect and improve the plant’s tolerance to insect feeding. A spring
2016 trial shows impressive Twospotted Spider Mite control by—. When compared to the
Untreated check, applications of , Showed marked suppression number of spiders mite [sic] on the
plants (Chart 1) by 65.9% over the control and 20.5% better than the insecticidal soap.”

3 Saves you Dollars and Makes “Sense”! , @ proprietary product containing
and P materials considered to be biocompatible chemical
compounds, enhance plant disease resistance through Induced Systemic Resistance (ISR).”

(c) For [N

(1) “Boosting the Plant’s Natural Defenses”

@ *Contains I - = Neture) I

(3) “Activates the Plant’s Natural Immune System (ISR) to Fight Disease”

@ T s 2 cniove blend of [ with [N 2 I that act together to

improve the crops ability to resist stress from . . . pests.”

© For I

(1) “Boosting the Plant’'s Natural Defenses”

@ *contains I - = Neturo! I

(3) “Activates the Plant’'s Natural Immune System (ISR) to Fight Disease”

@ R s 2 foliar spray that . . . helps turfgrasses withstand stressors such as . . . disease.”

) T vith is ideal in these situations. Its |||l stmulates growth and
initiates the turf's systemic acquired resistance (SAR) . .. .”
(o) For | I

(1) “with the addition of || lj. these ingredients act together to improve a plant's ability to resist
stress from . . . pests.”

(2) “BOOSTING PLANT'S DEFENSES”

0) For- -

(1) “ALL AROUND:

has 8 oz. of ||l per oallon. a ratio of 1:1, and a

blend of sources that . . . help turf withstand stressors such as . . . disease. Foliar
applications of supplement a turf’s natural supply of ||| ij. which boosts a
plant’s immune system (Induced Systemic Resistance, or ISR).”
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(9) For- -

@ I s 2 oood example of a product with this ratio and an excellent choice for an initial
application of nutrients for rapid stimulation and development of the root system. This ideal ratio in

combination with the a natural plant phytohormone, found in ||| wi a'so
bring strained plants out of stress and decline.”

(h) For- -

|s another product to use for strengthenmg a plant’s roots and also its immune
system with the powerful active metabollte

0] For- -
reduces stress in seedlings. By providing the same active ingredient as in
works on plants much the same way it works for humans — by boosting the plant’s natural
Immune system in response to stress, through systemic acquired resistance or SAR.”
() For |
(1) “Increases Resistance to Disease & Pests”
QT -  increases the turf's resistance to disease and pests.”
(o For [
O I -  icreases the turf's resistance to disease and pests . . . .”

(h For*

(1) “Strengthens Plants [sic] Immune System”

(2) “Growth-Stimulating Effects”

(3) “Because of this unique property, are viewed as excellent initiator to improve the plant’s
resistance, by stimulation of natural host defenses against . . . other stress.”

(4) “At appropriate rates, - can provide stimulation to plants to make a broad spectrum of biologically

active metabolites, which does not occur with ||| jll]. Il fo'iar sprays can induce system
protection against stress conditions.”

(5) “A pre-bloom foliar application will produce growth-stimulating properties increasing flower number . . .
fruit size .. .."

Additionally, the labels and website advertising of ]
_ claim that these products contain

5
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. In several places on Growth

Products’ website and on the abels attached to this ECR request,

an

Growth Products makes iestiu al claims In relation to these substances. All such pesticidal claims are

Finally, several other products from Growth Products contain the substances listed in the previous paragraph.
The advertising materials for these products also contain pesticidal claims, some that are associated with the

specifc substances in I I

(e) For |, -
@) I

(2) “SAR (Systemic Acquired Resistance)”

(3) “Critical Signal Molecule for Plant Defenses”

@ | 2''s into the category of a plant . It occurs naturally in all plants and

has significant impact on plant growth and development, photosynthesis, transpiration, ion uptake and
transport, and signals the plant’s defense against pathogens.”

(5) “Citrus and tomatoes sprayed with . are known to have reduced damage from insects and pathogens.”
(b) For | I, -

(1) “Increases Plant’s Resistance to Disease”

2 I 2'so contains || hich - - . increases the plant's resistance.”

(3) “A continuous source of is very important to enhance the plants’ resistance to sucking
insects and promotes the natural defense to fungal diseases.”

() For | [, -

(1) “By the cell walls of plant tissue, - also enhances a plant’s resistance to sucking insects
and wards off fungal disease.”

Q I -'so - - - increases the plant’s resistance to disease and pests.”

(o) For |1 -

(1) “Strengthens Plants [sic] Immune System”

(2) “Growth-Stimulating Effects”

(3) “Translocation in phloem allows to move from leaf tissues to the branches, crowns and roots.

Because of this unique property, are viewed as excellent initiator to improve the plant’s
resistance, by stimulation of natural host defenses against . . . other stress.”

6
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(4) “At appropriate rates, - can provide stimulation to plants to make a broad spectrum of biologically
active metabolites, which does not occur with ||| jll]. Jl foliar sprays can induce system
protection against stress conditions.”

(5) “A pre-bloom foliar application will produce growth-stimulating properties increasing flower number . . .
fruit size ... ."

(e) For
(1) “THE STRESS FIGHTER TRIGGERS THE PLANT'S DEFENSE SYSTEM”

(2) “Improves disease-resistance in turf”

(f) For
h) -

(1) “Once inside a plant, it is extremely mobile and works to . . . enhance . . . root development, and improve
crop resistance to disease.”

(2) “Applied at critical growth stages in a plant’s life cycle, it ensures superior root formation, seedling growth,
bud formation, blossom and fruit set. It . . . boosts a plant’s resistance to stress and disease.”

(3) “Increases Fruit Set and Development”

(4) “With , a plant’s natural defense mechanisms are heightened so that diseases are more easily
repelled. encourages the nucleus of a plant cell to produce defensive molecules such as
phytoalexin, which attacks the disease directly. The production of polysaccharides strengthens the cell
wall adding additional protection. The cells also send “alarm signals” to cells that have not yet been
attacked.”

ENFORCEMENT CASE REVIEW Il. CONCERNS

ECR Log No. 16-2-4

Product Labeling

BRAND NAME(S): ComPANY NAME AND ADDRESS:

Growth Products, Ltd. (Growth Products)

WEBSITE(S): 80 Lafayette Avenue

www.growthproducts.com White Plains, NY 10603
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REVIEW
INFORMATION AND QUESTIONS SUBMITTED WITH THIS ECR REQUEST

EPA Region 2 has submitted an ECR request on four products: q m
-H With this ECR request, EPA Region 2 provided labels for the products

and emall correspondence between EPA Region 2, EPA Region 10, the Office of Pesticide Programs (OPP), and the
Washington State Department of Agriculture.

In its ECR request, EPA Region 2 asked OPP to answer the following questions:

1) For“ - Are the claims in the fifth bullet (above), “overcome environmental stress” and “resist
insect and fungal attack,” considered pesticidal? Does this product require EPA registration? Please explain.

2) ForF_- - Is the claim in the second bullet, “increased . . . resistance,” considered pesticidal?

Does this require EPA registration? Please explain.

(3) For__- - Is the claim in the second bullet, “increases resistance,” considered pesticidal?
Does this require EPA registration? Please explain.

(4) For - Do these descriptions make this product a plant growth regulator? Is the claim in
the 4" bullet, “reduces summer stress,” considered pesticidal? Does this require EPA registration? Please
explain.

These questions are addressed in the “Pest Control Claims and Other Factors That Identify the Product as a
Pesticide or Device” section above and in the analysis provided below.

ANALYSIS
In addition to nitrogen stabilizers and substances (or mixtures of substances) that are intended for preventing,
destroying, repelling, or mitigating any pest, are also included within the pesticide definition under
section 2(u) of the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). In FIFRA 8
defined as

According to 40 CFR § 152.15, the EPA considers a substance “to be intended for a pesticidal purpose, and thus to
be a pesticide requiring registration, if:

(a) The person who distributes or sells the substance claims, states, or implies (by labeling or otherwise):

(1) That the substance (either by itself or in combination with any other substance) can or should be used as
a pesticide; or

(2) That the substance consists of or contains an active ingredient and that it can be used to manufacture a
pesticide; or

(b) The substance consists of or contains one or more active ingredients and has no significant commercially

valuable use as distributed or sold other than (1) use for pesticidal purpose (by itself or in combination with
any other substance), (2) use for manufacture of a pesticide; or

£+ ?

8
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(c) The person who distributes or sells the substance has actual or constructive knowledge that the substance
will be used, or is intended to be used, for a pesticidal purpose.”

This regulation describes two tests for identifying whether a substance is a pesticide: (1) a pesticidal claims test
(subpart (a) above) and (2) a pesticidal use test (subparts (b) and (c) above).

To be considered “intended for a pesticidal purpose” by the EPA, a substance needs to meet only one of the two
tests.?

a) Pesticidal Claims Test

The pesticidal claims test involves determining whether a seller or distributor explicitly or implicitly maintains that a
substance can or should be used as a pesticide and/or that a substance contains an active ingredient and can be
used to produce a pesticide. Growth Products announces the intended pesticidal use of

= mto the public/potential consumers by making
explicit pesticidal claims on the labels of the products and on its website (referenced on the product labels; see U.S.

EPA (2008)); some of these are unique pesticidal claims (e.g., resistance to disease) that are tiiical of a systemic

acquired resistance (SAR) and induced systemic resistance (ISR) inducers, such as (U.S. EPA 2012;
USDA — ARS 2003). Additionally, Growth Products sells other products that contain some of the same substances in
# I B - -c: s
claims for these products on its website. See the “Pest Control Claims and Other Factors That Identify the Product as
a Pesticide or Device” section for more details.

I the pesicidal
claims test; therefore, the EPA considers these pro ucts ora pest|C| al purpose.

b) Pesticidal Use Test

The pesticidal use test involves determining whether a product contains one or more active ingredients and has no
significant commercially valuable use as distributed or sold other than use for pesticidal purposes or for manufacture
of a pesticide and/or whether the seller or distributor has actual or constructive knowledge? that the substance will
be used, or is intended to be used, for a pesticidal purpose.® If a product meets either or both portions of this test,

1 See page 37917 of the preamble to the September 26, 1984, Proposed Rule for “Pesticide Registration and Classification
Procedures” that states the following: “Section 152.15 would describe the circumstances under which the Agency will presume
that a substance is being distributed and sold with the intent that it be used as a pesticide. Clearly, either expressed or implied
claims or representations by the seller, such as labeling or advertising, would be evidence of intent. However, the Agency
believes that, in the absence of claims, a product may be considered to be a pesticide if the seller or distributor is aware of the
intended uses of the product as a pesticide. This may be the case either because there are no other significant uses of the
product, or because other circumstances of the sale and distribution are such that he should reasonably know the ultimate use
of the product as a pesticide.” (Federal Register, 1984).

2 Criteria that the EPA considers in determining actual or constructive knowledge include things like promaotional claims and

advertising and common knowledge of the general business of the person to whom the substance is sold (Federal Register,
1988).

8 According to Federal Register (1988), the pesticidal use test (i.e., 40 CFR § 152.15(b) and 40 CFR § 152.15(c)) was “intended
to address longstanding enforcement problems in which neither labeling nor advertising clearly states or implies that the
product is a pesticide, but the product is sold under circumstances in which it is clear that the product is intended for a
pesticidal purpose.”

9
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the EPA will identify it as a pesticide.

1o determine whetre: N I I
Fcontain active ingre lents an ave no signi Icant commercia Yy valuapble uses other than pest|C| al, which Is the
|

rst part of the pesticidal use test, the EPA examined the composition, claims, and use directions of the products.

* m based on information from their labels and/or presented on
Growth Products’ website. According to public literature, # (i.e.,
these substances act directly on and/or indirectly through stimulation of plant defense responses to certain fungal

pathogens) and cannot be used directly by (RIGCSA, 2013; Thao and

lants as a
Yamakawa, 2009). The_ ability of” an is further supported by a search in the
rams’ Information Network (OPPIN); this search yielded a listing of 49 pesticide products, all

Office of Pesticide Prog
or for manufacturing products (U.S. EPA, 2017a and 2000).

of which are considered to be
Given the information above and how the iroducts are applied, the EPA is not aware of any significant commercially

valuable uses other than pesticidal for in the subject products.

., !ase! on m'ormatlon 'I‘OIT] t”elr |a!e|s an!!or resente! on GI‘OWtH PI’O!UCIS’ We!SIte. Regar!mg t|!IS

component, there are as an active ingredient (U.S.
EPA, 2017b and 2007). This particular substance can also be used as a (National Organic
Standards Board Technical Advisory Panel, 2003), so an argument could likely be made, as long as the uses and
claims described for the products align with the aforementioned non-pesticidal use (e.g., applications are made to
the soil to improve its characteristics, like pH and porosity, for plant growth), that it has significant commercially
valuable uses outside of the pesticidal realm.

, based on

information from their labels and/or presented on Growth Products’ website. IS a well-recognized

(Davies, 2010; Raskin, 1992), and there are
active ingredient (U.S. EPA, 2017c and 2012). Companies with products that contain and certain
nutrients could possibly argue that theﬁ is aﬁ for those nutrients (1.e., a significant
commercially valuable use other than pesticidal). In this case, however, the products do not appear to contain the
nutrients that one would expect to beh M Given the
information above and how the products are applied, the EPA Is not aware of any significant commercially valuable
uses other than pesticidal for_ in the subject products.
m - One product contains

ased on Information from its label and presented on Growth Products’ website.

Nardi et al., 2002; U.S. EPA, Undated(i) and 2014), and there

as an

can act as a

active ingredient (U.S. EPA, 2017d). This particular substance can also be used as a
and Nibali, 2013), so an argument could likely be made, as long as the uses and claims described for the products
align with the aforementioned non-pesticidal use (e.g., applications are made to the soil to improve its
characteristics, like pH and porosity, for plant growth), that it has significant commercially valuable uses outside of
the pesticidal realm.

5See Liu et al. (2015) for more information on ||l

10
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The second part of the pesticidal use test is whether a seller or distributor of a substance has actual or constructive
knowledge that the substance will be used, or is intended to be used, for a pesticidal purpose. Growth Products seems
o v (cwiec o [ I
will be used for pesticidal purposes, given the particular pesticidal claims it makes and Its intended audience (e.g.

individuals that care for agricultural plants, horticultural plants, or turf). This assertion is further su
, the official magazine of the
, that states the following with regard to : "Other tools such as
... trigger the turf's immune system, also known as Induced Systemic Resistance, to fight

Isease.” In this advertisement, a bottle of - is pictured hanging on a tool wall. Lastly, at least one
testimonial on Growth Products’ website touts the pesticidal activity of :

Regarding : “It is as good as anything out there at preventing disease, especially effective on
phytopthra [sic]. It helps the yield on many vegetable crops when used on a regular basis. | sprayed 2 quarts per acre
7-10 days”

Dwayne Lebo
Oak Grove Farms, Mechanicsburg, PA

" I ot pars o he

pesticidal use test; therefore, the EPA consider these products for a pesticidal purpose.

c) Conclusions

I I S < o e
pesticidal claims and pesticidal use tests under 40 CFR 8§ 152.15 and are pesticides that require registration by the

EPA. At this time, no exemptions or exclusions appear to be applicable to the subject products.®

@

6 Given the composition and intended uses of
H, the only exclusion that could possibly apply is found under 40 CFR §
In this case, however, there is not enough information to determine whether these products qualify for this exclusion. To meet

the first criterion in 40 CFR § , Growth Products would need to provide data and/or other information to the EPA to
show that its products meet the presented in 40 CFR § (e.g., safety data sheet
presenting complete toxicological and irritation information for the products). Growth Products would also need to add text to

the product labels, explicitly specifying that the products are not to be used onF, to satisfy the second criterion in 40

CFR § . Finally, Growth Products would need to provide proof that its products consist only quh
. (Note: This last point may be difficult to satisfy because all of the
products contain , and these would not fall under any of the substance types listed.)

11
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INTRODUCTION

The Meaning of a Plant Hormone

Plant hormones are a group of naturally occurring, organic substances which
influence physiological processes at low concentrations. The processes
influenced consist mainly of growth, differentiation and development, though
other processes, such as stomatal movement, may also be affected. Plant
hormones' have also been referred to as ‘phytohormones’ though this term is
infrequently used.

In their book Phytohormones Went and Thimann (10) in 1937 define a
hormone as a substance which is transferred from one part of an organism to
another. Its original use in plant physiology was derived from the
mammalian concept of a hormone. This involves a localized site of synthesis,
transport in the bloodstream to a target tissue, and the control of a
physiological response in the target tissue via the concentration of the
hormone. Auxin, the first-identified plant hormone, produces a growth
response at a distance from its site of synthesis, and thus fits the definition of
a transported chemical messenger. However this was before the full range of
what we now consider plant hormones was known. It is now clear that plant
hormones do not fulfill the requirements of a hormone in the mammalian
sense. The synthesis of plant hormones may be localized (as occurs for
animal hormones), but it may also occur in a wide range of tissues, or cells
within tissues. While they may be transported and have their action at a
distance this is not always the case. At one extreme we find the transport of

1 The following abbreviations are used throughout this book with no further definition: ABA,
abscisic acid; BR, brassinosteroid; CK, cytokinin; GA gibberellin; IAA, indole-3-acetic acid
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cytokinins from roots to leaves where they prevent senescence and maintain
metabolic activity, while at the other extreme the production of the gas
ethylene may bring about changes within the same tissue, or within the same
cell, where it is synthesized. Thus, transport is not an essential property of a
plant hormone.

The term ‘hormone’ was first used in medicine about 100 years ago for a
stimulatory factor, though it has come to mean a transported chemical
message. The word in fact comes from the Greek, where its meaning is ‘to
stimulate’ or ‘to set in motion’. Thus the origin of word itself does not
require the notion of transport per se, and the above definition of a plant
hormone is much closer to the meaning of the Greek origin of the word than
is the current meaning of hormone used in the context of animal physiology.

Plant hormones” are a unique set of compounds, with unique metabolism
and properties, that form the subject of this book. Their only universal
characteristics are that they are natural compounds in plants with an ability to
affect physiological processes at concentrations far below those where either
nutrients or vitamins would affect these processes.

THE DISCOVERY, IDENTIFICATION AND QUANTITATION OF
PLANT HORMONES.

The Development of the Plant Hormone Concept and Early Work.

The plant hormone concept probably derives from observations of
morphogenic and developmental correlations by Sachs between 1880 and
1893. He suggested that "Morphological differences between plant organs
are due to differences in their material composition" and postulated the
existence of root-forming, flower forming and other substances that move in
different directions through the plant (10).

At about the same time Darwin (3) was making his original observations
on the phototropism of grass coleoptiles that led him to postulate the
existence of a signal that was transported from the tip of the coleoptile to the
bending regions lower down. After further characterizations by several
workers of the way in which the signal was moved, Went in the Netherlands
was finally able to isolate the chemical by diffusion from coleoptile tips into
agar blocks, which, when replaced on the tips of decapitated coleoptiles,
resulted in the stimulation of the growth of the decapitated coleoptiles, and
their bending when placed asymmetrically on these tips. This thus
demonstrated the existence of a growth promoting chemical that was

? The term "plant growth substance" is also used for plant hormones but this is a rather vague
term and does not describe fully what these natural regulators do - growth is only one of the
many processes influenced. The international society for the study of plant hormones is
named the "International Plant Growth Substance Association" (IPGSA). While the term
plant growth regulator is a little more precise this term has been mainly used by the
agrichemical industry to denote synthetic plant growth regulators as distinct from endogenous
growth regulators.
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synthesized in the coleoptile tips, moved basipetally, and when distributed
asymmetrically resulted in a bending of the coleoptile away from the side
with the higher concentration. This substance was originally named
Wuchsstoff by Went, and later this was changed to auxin. After some false
identifications the material was finally identified as the simple compound
indoleacetic acid, universally known as IAA (11).

Discovery of Other Hormones

Other lines of investigation led to the discovery of the other hormones:
research in plant pathogenesis led to gibberellins (GA); efforts to culture
tissues led to cytokinins (CK); the control of abscission and dormancy led to
abscisic acid (ABA); and the effects of illuminating gas and smoke led to
ethylene. These accounts are told in virtually every elementary plant
physiology textbook, and further elaborated in either personal accounts (9,
11) or advanced treatises devoted to individual hormones (see book list at the
end of the chapter) so that they need not be repeated here. More recently
other compounds, namely brassinosteroids (Chapters B7 and D7), jasmonates
(Chapter F1) (including tuberonic acid, Chapter ES5), salicylic acid (Chapter
F2), and the peptides (Chapter F3) have been added to the list of plant
hormones, and these are fully covered in this book for the first time.
Polyamines, which are essential compounds for all life forms and important
in DNA structure, have also been categorized as plant hormones as they can
modulate growth and development, though typically their levels are higher
than the other plant hormones. However, as little further understanding of
their exact function in plants at the cellular and molecular levels has been
added in the last few years, no individual chapter has been devoted to
polyamines in this edition (a chapter on polyamines can be found in the
previous edition (4): 2E Chapter C1).

It is interesting to note that, of all the original established group of plant
hormones, only the chemical identification of abscisic acid was made from
higher plant tissue. The original identification of the others came from
extracts that produced hormone-like effects in plants: auxin from urine and
the fungal cultures of Rhizopus, gibberellins from culture filtrates of the
fungus Gibberella, cytokinins from autoclaved herring sperm DNA, and
ethylene from illuminating gas. Today we have at our disposal methods of
purification (such as high performance liquid chromatography: HPLC,
following solid phase extraction: SPE cartridges) and characterization (gas
chromatography-mass spectrometry: GC-MS, and high performance liquid
chromatography-mass spectrometry: HPLC-MS) that can operate at levels
undreamed of by early investigators (Chapter G1). Thus while early
purifications from plant material utilized tens or even hundreds of kilograms
of tissues, modern analyses can be performed on a few milligrams of tissue,
making the characterization of hormone levels in individual leaves, buds, or
even from tissues within the organs much more feasible. Thus it is not
surprising to see the more-recently discovered hormones being originally
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identified within plant tissues. Nonetheless only brassinosteroids were
identified following investigations of plant growth effects, with the discovery
of jasmonates, salicylic acid and peptide hormones deriving from work on
insect and disease resistance.

Immunoassay (see 2™ edition, Chapter F2) is also used for hormone
quantitation, though is considered much less precise because of interfering
effects of other compounds and cross reactivity. Immunoassay columns can,
however, permit the very precise isolation of plant hormones prior to more
rigorous physico-chemical characterization. While the exact level and
location of the hormones within the individual tissues and cells is still largely
elusive (Chapter G1), huge strides have been made in analyzing and
localizing the expression of genes for hormone biosynthesis using sensitive
techniques such as PCR (polymerase chain reaction), or the expression, in
transgenic plants, of marker genes driven by promoters of one or more steps
in the biosynthetic process. The location of hormone action in tissues and
cells has also been investigated by examining the location of marker gene
expression driven by promoters of genes known to be induced by the
presence of hormone (e.g. Chapter A2).

THE NATURE, OCCURRENCE, AND EFFECTS OF THE PLANT
HORMONES

Before we become involved in the various subsequent chapters covering
aspects of hormone biochemistry and action it is necessary to review what
hormones do. In subsequent chapters some or most of these effects will be
described in more detail, whereas others will not be referred to again. It is
impossible to give detailed coverage of every hormonal effect, and the reader
is referred to the book list at the end of this chapter. The choice of topics for
subsequent chapters has been determined largely by whether there is active
research in progress in that area. Over the last few years there has been
active progress in elucidating the biosynthesis, signal transduction and action
of almost every hormone. Thus whereas previously the progress in
understanding the action of one hormone was much better than that of
another we now find increased understanding of hormone action across the
board. A good case in point is cytokinin, where we now know much more
about perception, signal transduction (Chapter D3) and action (Chapter C3)
than just a few years ago. In fact progress on understanding one hormone as
opposed to another has been leapfrogging: whereas the action of auxin at the
physiological level was one of the first to be understood (Chapter C1) we still
do not understand the connection between auxin signal transduction (Chapter
DI1) and its final action in inducing cell elongation, and while the
identification of the auxin receptor was previously regarded as established,
this is now regarded as far less certain. By contrast, after two decades of
relatively little advance in the understanding of brassinosteroids, or even
much interest in these compounds, following their discovery by extraction
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from Brassica pollen and the demonstration of growth activity in a bean
petiole bioassay, the entire biosynthetic pathway has been elucidated
(Chapter B6), receptors identified (Chapter D7), mutants characterized and
crosstalk with other hormones investigated (Chapter B7).

The effects produced by each hormone were initially elucidated largely
from exogenous applications. However in more and more cases we have
evidence that the endogenous hormone also fulfills the originally designated
roles, and new functions are being discovered. Such more recent evidence
derives from correlations between hormone levels and growth of defined
genotypes or mutants, particularly of the model plant Arabidopsis, or from
transgenic plants. In other cases it has not yet been conclusively proved that
the endogenous hormone functions in the same manner.

The nature, occurrence, transport and effects of each hormone (or
hormone group) are given below. (Where there is no specific chapter on the
topic in this edition but a reference in the second edition of this book (4) this
is indicated with the notation ‘2E’.) It should, however, be emphasized that
hormones do not act alone but in conjunction, or in opposition, to each other
such that the final condition of growth or development represents the net
effect of a hormonal balance (Chapter A2) (5).

Auxin

Nature
Indole-3-acetic acid (IAA) is the main auxin in most plants.

@CHZ—COOH
N

H
INDOLEACETIC ACID

Compounds which serve as IAA precursors may also have auxin activity
(e.g., indoleacetaldehyde). Some plants contain other compounds that
display weak auxin activity (e.g., phenylacetic acid). IAA may also be
present as various conjugates such as indoleacetyl aspartate (Chapter B1)).
4-chloro-IAA has also been reported in several species though it is not clear
to what extent the endogenous auxin activity in plants can be accounted for
by 4-CI-IAA. Several synthetic auxins are also used in commercial
applications (2E: G13).

Sites of biosynthesis
IAA is synthesized from tryptophan or indole (Chapter B1) primarily in leaf
primordia and young leaves, and in developing seeds.
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Transport

IAA transport is cell to cell (Chapters E1 and E2), mainly in the vascular
cambium and the procambial strands, but probably also in epidermal cells
(Chapter E2). Transport to the root probably also involves the phloem.

Effects
® Cell enlargement - auxin stimulates cell enlargement and stem growth
(Chapter D1).

® C(Cell division - auxin stimulates cell division in the cambium and, in
combination with cytokinin, in tissue culture (Chapter E2 and 2E: G14).

® Vascular tissue differentiation - auxin stimulates differentiation of
phloem and xylem (Chapter E2).

® Root initiation - auxin stimulates root initiation on stem cuttings, and
also the development of branch roots and the differentiation of roots in
tissue culture (2E: G14).

® Tropistic responses - auxin mediates the tropistic (bending) response of
shoots and roots to gravity and light (2E: G5 and G3).

® Apical dominance - the auxin supply from the apical bud represses the
growth of lateral buds (2E: G6).

® [ eaf senescence - auxin delays leaf senescence.

® [eaf and fruit abscission - auxin may inhibit or promote (via ethylene)
leaf and fruit abscission depending on the timing and position of the
source (2E: G2, G6 and G13).

® Fruit setting and growth - auxin induces these processes in some fruit

(2E: G13)

Assimilate partitioning - assimilate movement is enhanced towards an

auxin source possibly by an effect on phloem transport (2E: G9).

Fruit ripening - auxin delays ripening (2E: G2 & 2E:G12).

Flowering - auxin promotes flowering in Bromeliads (2E: GS).

Growth of flower parts - stimulated by auxin (2E: G2).

Promotes femaleness in dioecious flowers (via ethylene) (2E: G2 &

2E: G8).

In several systems (e.g., root growth) auxin, particularly at high

concentrations, is inhibitory. Almost invariably this has been shown to be

mediated by auxin-produced ethylene (2, 7) (2E: G2). If the ethylene

synthesis is prevented by various ethylene synthesis inhibitors, the ethylene

removed by hypobaric conditions, or the action of ethylene opposed by silver

salts (Ag+t), then auxin is no longer inhibitory.

Gibberellins (GAs)

Nature

The gibberellins (GAs) are a family of compounds based on the ent-
gibberellane structure; over 125 members exist and their structures can be
found on the web (Chapter B2). While the most widely available compound
is GAj; or gibberellic acid, which is a fungal product, the most important GA
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in plants is GA,, which is the GA primarily responsible for stem elongation
(Chapters A2, B2, and B7). Many of the other GAs are precursors of the
growth-active GA;.

GIBBERELLIN A; or GA,

Sites of biosynthesis.

GAs are synthesized from glyceraldehyde-3-phosphate, via isopentenyl
diphosphate, in young tissues of the shoot and developing seed. Their
biosynthesis starts in the chloroplast and subsequently involves membrane
and cytoplasmic steps (Chapter B2).

Transport

Some GAs are probably transported in the phloem and xylem. However the
transport of the main bioactive polar GA; seems restricted (Chapters A2 and
ES).

Effects
® Stem growth - GA, causes hyperelongation of stems by stimulating both

cell division and cell elongation (Chapters A2, B7 and D2). This
produces tall, as opposed to dwarf, plants.

® Bolting in long day plants - GAs cause stem elongation in response to
long days (Chapter B2, 2E: GS).

® [nduction of seed germination - GAs can cause seed germination in
some seeds that normally require cold (stratification) or light to induce
germination (Chapter B2).

® FEnzyme production during germination - GA stimulates the production
of numerous enzymes, notably a-amylase, in germinating cereal grains
(Chapter C3).

® Fruit setting and growth - This can be induced by exogenous
applications in some fruit (e.g., grapes) (2E: G13). The endogenous role
is uncertain.

® Induction of maleness in dioecious flowers (2E: G8).

Cytokinins (CKs)

Nature
CKs are adenine derivatives characterized by an ability to induce cell
division in tissue culture (in the presence of auxin). The most common
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cytokinin base in plants is zeatin. Cytokinins also occur as ribosides and

ribo

tides (Chapter B3).
_~CH,OH
_CH=C
NH—CH, CH3
=z N
LY
X N
N H
ZEATIN

Sites of biosynthesis

CK

biosynthesis is through the biochemical modification of adenine (Chapter

B3). It occurs in root tips and developing seeds.

Transport

CK transport is via the xylem from roots to shoots.

Effects

® Cell division - exogenous applications of CKs induce cell division in

tissue culture in the presence of auxin (Chapter C3; 2E: G14). This also
occurs endogenously in crown gall tumors on plants (2E: E1). The
presence of CKs in tissues with actively dividing cells (e.g., fruits, shoot
tips) indicates that CKs may naturally perform this function in the plant.
Morphogenesis - in tissue culture (2E: G14) and crown gall (2E: E1)
CKs promote shoot initiation. In moss, CKs induce bud formation (2E:
Gl & G6).

Growth of lateral buds - CK applications, or the increase in CK levels in
transgenic plants with genes for enhanced CK synthesis, can cause the
release of lateral buds from apical dominance (2E: E2 & G6).

Leaf expansion (6), resulting solely from cell enlargement. This is
probably the mechanism by which the total leaf area is adjusted to
compensate for the extent of root growth, as the amount of CKs reaching
the shoot will reflect the extent of the root system. However this has not
been observed in transgenic plants with genes for increased CK
biosynthesis, possibly because of a common the lack of control in these
systems.

CKs delay leaf senescence (Chapter E6).

CKs may enhance stomatal opening in some species (Chapter E3).
Chloroplast development - the application of CK leads to an
accumulation of chlorophyll and promotes the conversion of etioplasts
into chloroplasts (8).
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Ethylene

Nature

The gas ethylene (C,H,) is synthesized from methionine (Chapter B4) in
many tissues in response to stress, and is the fruit ripening hormone. It does
not seem to be essential for normal mature vegetative growth, as ethylene-
deficient transgenic plants grow normally. However they cannot, as
seedlings, penetrate the soil because they lack the stem thickening and apical
hook responses to ethylene, and they are susceptible to diseases because they
lack the ethylene-induced disease resistance responses. It is the only
hydrocarbon with a pronounced effect on plants.

Sites of synthesis

Ethylene is synthesized by most tissues in response to stress. In particular, it
is synthesized in tissues undergoing senescence or ripening (Chapters B4 and
E5).

Transport

Being a gas, ethylene moves by diffusion from its site of synthesis. A crucial
intermediate in its production, 1-aminocyclopropane-1-carboxylic acid
(ACC) can, however, be transported and may account for ethylene effects at
a distance from the causal stimulus (2E: G2).

Effects
The effects of ethylene are fully described in 2E: G2. They include:

® The so called triple response, when, prior to soil emergence, dark grown
seedlings display a decrease in tem elongation, a thickening of the stem
and a transition to lateral growth as might occur during the encounter of
a stone in the soil.

Maintenance of the apical hook in seedlings.

Stimulation of numerous defense responses in response to injury or
disease.

Release from dormancy.

Shoot and root growth and differentiation.

Adventitious root formation.

Leaf and fruit abscission.

Flower induction in some plants (2E: G8).

Induction of femaleness in dioecious flowers (2E: 8).

Flower opening.

Flower and leaf senescence.

Fruit ripening (Chapters B4 and ES5).

Abscisic acid (ABA)

Nature
Abscisic acid is a single compound with the following formula:
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ABSCISIC ACID

Its name is rather unfortunate. The first name given was "abscisin 1"
because it was thought to control the abscission of cotton bolls. At almost
the same time another group named it "dormin" for a purported role in bud
dormancy. By a compromise the name abscisic acid was coined (1). It now
appears to have little role in either abscission (which is regulated by
ethylene; 2E: G2) or bud dormancy, but we are stuck with this name. As a
result of the original association with abscission and dormancy, ABA has
become thought of as an inhibitor. While exogenous applications can inhibit
growth in the plant, ABA appears to act as much as a promoter, such as in
the promotion of storage protein synthesis in seeds (Chapter E4), as an
inhibitor, and a more open attitude towards its overall role in plant
development is warranted. One of the main functions is the regulation of
stomatal closure (Chapters D6 and E3)

Sites of synthesis

ABA is synthesized from glyceraldehyde-3-phosphate via isopentenyl
diphosphate and carotenoids (Chapter B5) in roots and mature leaves,
particularly in response to water stress (Chapters B5 and E3). Seeds are also
rich in ABA which may be imported from the leaves or synthesized in situ
(Chapter E4).

Transport

ABA is exported from roots in the xylem and from leaves in the phloem.
There is some evidence that ABA may circulate to the roots in the phloem
and then return to the shoots in the xylem (Chapters A2 and E4).

Effects
® Stomatal closure - water shortage brings about an increase in ABA

which leads to stomatal closure (Chapters D6 and E3).

® ABA inhibits shoot growth (but has less effect on, or may promote, root
growth). This may represent a response to water stress (Chapter E3; 2E:
2).

® ABA induces storage protein synthesis in seeds (Chapter E4).

® ABA counteracts the effect of gibberellin on a-amylase synthesis in
germinating cereal grains (Chapter C2).

® ABA affects the induction and maintenance of some aspects of
dormancy in seeds (Chapters B5 and E4). It does not, however, appear

10
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to be the controlling factor in ‘true dormancy’ or ‘rest,” which is
dormancy that needs to be broken by low temperature or light.

® Increase in ABA in response to wounding induces gene transcription,
notably for proteinase inhibitors, so it may be involved in defense
against insect attack (2E: ES5).

Polyamines
HaN—(CH2)3—NH—(CH32)4—NH;

SPERMIDINE

Polyamines are a group of aliphatic amines. The main compounds are
putrescine, spermidine and spermine. They are derived from the
decarboxylation of the amino acids arginine or ornithine. The conversion of
the diamine putrescine to the triamine spermidine and the quaternaryamine
spermine involves the decarboxylation of S-adenosylmethionine, which also
is on the pathway for the biosynthesis of ethylene. As a result there are some
complex interactions between the levels and effects of ethylene and the
polyamines.

The classification of polyamines as hormones is justified on the
following grounds:
® They are widespread in all cells and can exert regulatory control over

growth and development at micromolar concentrations.
® In plants where the content of polyamines is genetically altered,

development is affected. (E.g., in tissue cultures of carrot or Vigna,
when the polyamine level is low only callus growth occurs; when
polyamines are high, embryoid formation occurs. In tobacco plants that
are overproducers of spermidine, anthers are produced in place of
ovaries.)
Such developmental control is more characteristic of hormonal compounds
than nutrients such as amino acids or vitamins.

Polyamines have a wide range of effects on plants and appear to be
essential for plant growth, particularly cell division and normal morphologies.
At present it is not possible to make an easy, distinct list of their effects as for
the other hormones. Their biosynthesis and a variety of cellular and
organismal effects is discussed in 2E Chapter C1. It appears that polyamines
are present in all cells rather than having a specific site of synthesis.

Brassinosteroids

Brassinosteroids (Chapters B6 and D7) are a range of over 60 steroidal
compounds, typified by the compound brassinolide that was first isolated
from Brassica pollen. At first they were regarded as somewhat of an oddity
but they are probably universal in plants. They produce effects on growth
and development at very low concentrations and play a role in the
endogenous regulation of these processes.

11
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OH

HO,

HO™™

BRASSINOLIDE

Effects
® Cell Division, possibly by increasing transcription of the gene encoding

cyclinD3 which regulates a step in the cell cycle (Chapter D7).

® (ell elongation, where BRs promote the transcription of genes encoding
xyloglucanases and expansins and promote wall loosening (Chapter D7).
This leads to stem elongation.

® Vascular differentiation (Chapter D7).

® BRs are needed for fertility: BR mutants have reduced fertility and
delayed senescence probably as a consequence of the delayed fertility
(Chapter D7).

® Inhibition of root growth and development

® Promotion of ethylene biosynthesis and epinasty.

Jasmonates
Jasmonates (Chapter F1) are represented by jasmonic acid (JA) and its

methyl ester.
O,
\
COOH

JASMONIC ACID

They are named after the jasmine plant in which the methyl ester is an
important scent component. As such they have been known for some time in
the perfume industry. There is also a related hydroxylated compound that
has been named tuberonic acid which, with its methyl ester and glycosides,
induces potato tuberization (Chapter E5). Jasmonic acid is synthesized from
linolenic acid (Chapter F1), while jasmonic acid is most likely the precursor
of tuberonic acid.

Effects

® Jasminates play an important role in plant defense, where they induce

12



P. J. Davies

the synthesis of proteinase inhibitors which deter insect feeding, and, in
this regard, act as intermediates in the response pathway induced by the
peptide systemin.

® Jamonates inhibit many plant processes such as growth and seed
germination.

® They promote senescence, abscission, tuber formation, fruit ripening,
pigment formation and tendril coiling.

® JA is essential for male reproductive development of Arabidopsis. The
role in other species remains to be determined.

Salicylic Acid (SA)
COOH
OH

SALICYLIC ACID

Salicylates have been known for a long time to be present in willow bark, but
have only recently been recognized as potential regulatory compounds.
Salicylic acid is biosynthesized from the amino acid phenylalanine.

Effects
® Salicylic acid (Chapter F2) plays a main role in the resistance to

pathogens by inducing the production of ‘pathogenesis-related proteins’.
It is involved in the systemic acquired resistance response (SAR) in
which a pathogenic attack on older leaves causes the development of
resistance in younger leaves, though whether SA is the transmitted
signal is debatable.

® SA is the calorigenic substance that causes thermogenesis in Arum
flowers.

® |t has also been reported to enhance flower longevity, inhibit ethylene
biosynthesis and seed germination, block the wound response, and
reverse the effects of ABA.

Signal Peptides

The discovery that small peptides could have regulatory properties in plants
started with the discovery of systemin, an 18 amino acid peptide that travels
in the phloem from leaves under herbivore insect attack to increase the
content of jasmonic acid and proteinase inhibitors in distant leaves, so
protecting them from attack (Chapters F1 and F3). Since then, over a dozen
peptide hormones that regulate various processes involved in defense, cell

13
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division, growth and development and reproduction have been isolated from

plants, or identified by genetic approaches (Chapter F3). Among these

effects caused by specific peptides are:

® The activation of defense responses.

® The promotion of cell proliferation of suspension cultured plant cells.

® The determination of cell fate during development of the shoot apical
meristem

® The modulation of root growth and leaf patterning in the presence of
auxin and cytokinin

® Peptide signals for self-incompatability.

® Nodule formation in response to bacterial signals involved in nodulation
in legumes.

Are the More-Recently-Discovered Compounds Plant Hormones?

Two decades ago there was a heated discussion as to whether a compound
had to be transported to be a plant hormone, and could ethylene therefore be
a plant hormone. To this Carl Price responded: “Whether or not we regard
ethylene as a plant hormone is unimportant; bananas do...”>. Hormones are
a human classification and organisms care naught for human classifications.
Natural chemical compounds affect growth and development in various ways,
or they do not do so. Clearly brassinosteroids fit the definition of a plant
hormone, and likely polyamines, jasmonates salicylic acid and signal
peptides also can be so classified. Whether other compounds should be
regarded as plant hormones in the future will depend on whether, in the long
run, these compounds are shown to be endogenous regulators of growth and
development in plants in general.
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York. (Editors note: the 2" edition of Audus contains a lot of information on auxins that
was cut out of the later, broader, 3™ edition and it is therefore still a valuable reference.)

Audus LJ (1972) Plant Growth Substances (3E). Barnes & Noble, New York

Crozier A (ed) (1983) The Biochemistry and Physiology of Gibberellins. Praeger, New York

Davies PJ (ed) (1995) Plant Hormones: Physiology, Biochemistry and Molecular Biology.
Kluwer Academic, Dordrecht, Boston

Davies WJ, Jones HG (1991) Abscisic Acid: Physiology and Biochemistry. Bios Scientific
Publishers, Oxford, UK

Hayat S, Ahmad A (eds) (2003) Brassinosteroids: Bioactivity and Crop Productivity. Kluwer
Academic, Dordrecht , Boston

3 Carl A. Price, in Molecular Approaches to Plant Physiology
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P. J. Davies

Jacobs WP (1979) Plant Hormones and Plant Development. Cambridge University Press

Khripach VA, Zhabinskii VN, de Groot AE (1999) Brassinosteroids: A New Class of Plant
Hormones. Academic Press, San Diego

Krishnamoorthy HN (1975) Gibberellins and Plant Growth. Wiley, New York

Mattoo A, Suttle J (1991) The Plant Hormone Ethylene. CRC Press Boca Raton FL

Mok DWS, Mok MC (1994) Cytokinins: Chemistry, Activity and Function. CRC Press Boca
Raton FL

Sakurai A, Yokota T, Clouse SD (eds) (1999) Brassinosteroids: Steroidal Plant Hormones
Springer, Tokyo, New York

Slocum RD, Flores HE (eds) (1991) Biochemistry and Physiology of Polyamines in Plants.
Boca Raton CRC Press

Thimann KV (1977) Hormone Action in the Whole Life of Plants. University of
Massachusetts Press, Amherst

Takahashi N, Phinney BO, MacMillan J (eds) (1991) Gibberellins. Springer-Verlag, New
York

Yopp JH, Aung, LH, Steffens GL (1986) Bioassays and Other Special Techniques for Plant
Hormones and Plant Growth Regulators. Plant Growth Regulator Society of America
Lake Alfred FL, USA
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actually been distributed and sold. If
inspection of products released for
shipment could not lead directly to
enforcement action, but must await
some further point at which it had been
“distributed and sold,” the Agency's
enforcement efforts would be thwarted.

Consequently, in the final rule, the
Agency has included the term “released
for shipment” in the definition of
“distribute and sell.”

The Agency also considered defining
the term “channels of trade,"” which has
been used in past Agency documents
(without definition) as an informal
synonym for the litany of terms in
FIFRA sec. 12 comprising “distribute
and sell.” EPA considers the two terms
synonymous: a product that i being
distributed and sold by any person is in
channels of trade, and vice versa. It is
therefore unnecessary to define

“channels of trade” separately.
Moreover, the Agency does not expect
to use the term in future regulatory
documents, but will rather specify the
categories of persons who are prohibited
from distributing or selling a product.
Thus, the registrant may be prohibited
from distributing or selling after a
certain date, while other persons (e.g.,
retailers) may be prohibited from
distributing or selling after a second
date.

IV. Products Required To Be Registered

The Agency proposed to clarify its

° interpretation of what constitutes a
pesticide, for purposes of compliance
with the registration requirement of
FIFRA sec. 3. Section 152.15 proposed to
add new language stating that a

" substance may be intended for a
pesticidal purpose (and therefore
required to be registered) if any of a
number of tests are met. The first of
these is whether advertising or product
labeling claims, implicitly or explicitly,
that the product is a pesticide. This is
the principal test contained in current
regulations. No comments were received
on this test, and it has been adopted as
proposed.

EPA also proposed to treat as a
pesticide any substance which has no
significant commercially valuable use
other than a pesticidal one. One
commenter objected that the term
“significant commercially valuable use”
is judgmental. EPA acknowledges that a
certain degree of judgment must be
exercised in deciding whether a
substance meets this definition. On the
-other hand, the Agency believes that a
large percentage, if not the majority, of
pesticide active ingredients are clearly
identifiable either as pesticides or as
multi-purpose substances, and that the
Agency will rarely be compelled to use

this criterion alone to judge whether a
substance is a pesticide. The Agency
has in the past focused its enforcement
efforts on individual product claims, and
EPA intends to continue this focus.

The Agency further proposed, as a
third criterion, that if a person knows, or
should reasonably know, that he is
selling a product for a pesticidal purpose
(even though the product itself bears no
pesticidal claims), the product should be
a pesticide subject to the registration
requirement. This criterion would apply
primarily to products which are
currently not registered as pesticides

. (for example, multi-purpose substances

having pesticide uses, but for which a
particular product bears no pesticidal
claims.)

Nine persons commented upon this
provision. Several expressed concern
that the language was imputing
knowledge of pesticidal use and
responsibility to manufacturers who
have no control over their distributors
and customers. This burden, they state,
is unreasonable. Other commenters,
while not objecting to the criterion per
se, requested that the Agency clarify its
intent, and sought reassurance that the
criterion would be used for enforcement
against the person making the claim and
not against the producer. Some
suggested that simply deleting the word

“reasonably” from the criterion would
resolve the problem satisfactorily. In
general, commenters believed that
definition was too broad and inclusive.

In response, the Agency has clarified
th_e definition by replacing the

“reasonable” knowledge termmology
with language concerning “actual or
constructive” knowledge of pesticidal
use. Actual or constructive knowledge
will be gauged as objectively as
possible. The Agency issued in the
Federal Register of March 25, 1987 (52

-FR 9504) a proposal concerning

establishment registration, which uses,
the same terminology to describe when
a pesticide producer must register his
producing establishment. In that
document, the Agency described the
criteria that it would consider in
determining actual or constructive
knowledge. These included promononal
claims and advertising, common
knowledge of the general business of the
person to whom the substance is sold,
and the commercial distance from a
producer to a formulator. The same
principles will guide the Agency in
applying the “actual or constructive
knowledge” test of pesticide for
purposes of registration.

The Agency believes the fears of the
commenters concerning ‘‘upstream
penalties” are unfounded. The Agency
does not intend to impose penalties

“upon the producer of a non-pesticide

product, if, without his knowledge, a
pesticidal claim is made for the product
by someone else. EPA agrees that it
would be unreasonable to require
registration of a product whose primary .
uses are non-pesticidal merely because
a retailer sold the product as a pesticide.
On the other hand, EPA believes that a
producer who sells a product with full
knowledge of its intended pesticidal use
should be held responsible for its
registration. This situation might apply,
for example, when a producer sells what
would ordinarily be considered a basic
chemical to a user whose only purpose
in acquiring such a chemical would be to
use it as a pesticide. If the seller of the
product is aware of the nature of his
customer’s business, EPA may consider
him to be selling a product for a
pesticidal purpose. EPA acknowledges
that application of this criterion for
enforcement purposes will require
subjective judgment.

“ The second and third criteria both are
intended to address longstanding
enforcement problems in which neither
labeling nor advertising clearly states or
implies that the product is a pesticide,
but the product is sold under
circumstances in which it is clear that
the product is intended for a pesticidal
purpose. For example, if the ingredients
of a well-known wood preservative
mixture are offered for sale (without
pesticidal claims) in a trade magazine
aimed primarily at wood processors and
there is no other apparent reason for
wood processors to be interested in the
ingredients, it would not be
unreasonable to regard the products as
pesticides.

V. Exemptions
A. Exemptions under FIFRA Sec. 25(b)

Sections 152.20 and 152.25 describe
exemptions based on FIFRA sec. 25(b)
for, respectively, products adequately
regulated by another Federal agency
and products of a character not
requiring FIFRA regulation.

One commenter suggested that the
exemption for pheromones in § 152.25(a)
be expanded to include pheromones
other than those produced by an
arthropod. Paragraph (a)(1) of that
section defines a pheromone as a
compound produced by arthropods. The
Agency declines to adopt the
commenter’s suggestion. The Agency is
not aware that pheromones produced by
other animals are registered with the
Agency. EPA was able to exempt
arthropod pheromones based on
information it possessed in its files on
such products. Although the Agency
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A. Definitions

Current § 162.3 would be revised to
add new definitions, to delete
unnecessary or obsolete ones, and to
clarify existing definitions. In general,
definitions pertaining to labeling
requirements would be transferred to
proposed Part 156. Definitions that are
used throughout Part 152 would be
included in the principal definitions
section of Subpart A. Definitions that
apply to only one subpart would be
located at the beginning of that subpart.
Changes of note include the following:

1. The term “distribute or sell” and its
grammatical variations would be
defined. These terms are used in the Act
to define the activities concerning
pesticides to which FIFRA applies and
at which point the Agency is authorized
to regulate. This proposal defines the
term to encompass the term “released
for shipment,” which is used in defining
EPA’s inspection authority under FIFRA
sec. 9. The term “released for shipment”
has not been used in FIFRA regulations
before, but has been defined in policy
statements in the same manner as
proposed here.

2. Under FIFRA-section 3(b)(1)
products may be shipped between
establishments “operated by the same
producer” without registration. The
current definition encompasses both
establishments owned by a single
producer, and also establishments
operated under contract to a producer,
but which may be owned by another
person. In this proposal, the Agency
would define the phrase “operated by
the same producer” to limit it to
establishments owned or leased by a
single company. Limiting the definition
in this manner EPA believes would
reflect the intent of Congress in FIFRA
section 3{b)(1} and the clear sense of the
phrase.

- The provision for shipment between
-one producer and another under
contract for processing, packaging and
labeling (permitted without registration
under the current definiton of “operated
by the same producer”) would be
continued by specific exemption in
§ 152.30. The contractual exemption is
discussed later in this preamble.

3. The term “domestic application”
would be replaced with the terms
“residential use” and “institutional use,"
to allow better delineation of the
applicability of certain requirements,
{such as child-resistant packaging,
which is_required for products labeled
for residential use but not for products
labeled for institutional use). The -
definition of residential use would
include those areas contained in the
“domestic” use definition that clearly

-

relate to household use sites, and would
include also pre-school and day care
facilities where small children spend
time. Institutional use would include
larger facilities such as hospitals, office
buildings, commercial establishments,
and schools at the elementary or above
level, which the Agency believes have
different pesticide use and exposure
patterns. The Agency requests
comments on whether these definitions
are adequate for the purpose of this
regulation, or whether they should be
modified, and in what ways, to be more
useful. In particular, EPA would like
comment on whether day care and
preschool facilities should be
encompassed by the residential use
definition.

B. When Registration Is Required

Under FIFRA sec. 3, a pesticide must
be registered before it can be distributed
or sold. FIFRA section 2{u) defines a
pesticide in terms of its intended use
against a pest, or its use for pesticidal
purposes. Whether a substance is a
pesticide that must be registered
depends on the interpretation of pest,
pesticidal purpose, and the intent of use
of a product as a pesticide.

The term “pesticide” has different
meanings in different portions of the
Act. In some places itis used as a
general term to describe substances
which are subject to the Act. In other
places, it is used to mean a particular
pesticide product that is distributed or
sold, and which, according to FIFRA
section 3, must be registered. This
proposal will use the term *pesticide” in
its general sense; the term “pesticide
product” will be used to describe a
particular pesticide in the form in which
it is (or will be) registered and marketed,
including the product’s composition,
packaging and labeling.

The proposal further elaborates on the
meaning of concepts {“pest,” “pesticidal
purpose,” and “intent" that the Agency
uses in deciding whether a subslance is
a pesticide product which must be
registered. Sections 152.8, 152.10, and
152.15 of the proposal would set out
exclusions from registration based on
these factors.

First, a pesticide product may be
subject to registration only if it is
intended for use against a pest (or for
use as a plant regulator, desiccant or
defoliant). The Administrator must
define those organisms deemed to be
pests for the purposes of the Act.
Section 152.5 would define as pests
vertebrates, invertebrates, insects, fungi.
weeds, and microorganisms which are
deleterious to man or the environment.

Second, a pesticide product will be
subject to registration only if it is

intended to produce a “pesticidal

effect.” A substance may function -
against a pest without having a

pesticidal effect. An example would be

a product used for survey and detection
purposes rather than pesticidal

purposes. Section 152.10 lists products
which do not have a pesticidal effect,
and therefore are not required to be
registered.

Finally, it is not enough that a
substance have a “pesticidal effect” on
a “pest;” the substance must also be
“intended” to have that effect. Thus, a
substance is a pesticidal product that
may be subject to registration if,
regardless of whether it actually has a
pesticidal effect, it is intended to be
used for a pesticidal purpose. The
determination of intent is a separate test
for the requirement for registration, and .
is central to the decision of whethera
product is required to be registered.

Section 152.15 would describe the
circumstances under which the Agency
will presume that a substance is being
distributed and sold with the intent that
it be used as a pesticide. Clearly, either
express or implied claims or
representations by the seller, such as
labeling or advertising, would be
evidence of intent. However, the Agency
believes that, in the absence of claims, a
product may be considered to be a
pesticide if the seller or distributor is
aware of the intended uses of the
product as a pesticide. This may be the
case either because there are no other
significant uses of the product, or
because other circumstances of the sale
and distribution are such that he should
reasonably know the ultimate use of the
product as a pesticide.

C. Exemptions Under FIFRA

FIFRA section 25 authorizes the
Administrator to exempt from any or all
provisions of FIFRA a pesticide for
which he can make a delermination that
the pesticide either is adequately
regulated by another Federal agency or
is of such a character that regulation
under FIFRA is not necessary.

The Agency is given the latitude to
determine the scope of an exemption
under FIFRA section 25. Although a
producer may be relieved of the
provisions of all or any sections of
FIFRA by an exemption, as a practical
matter only two levels of exemption are
viewed as cost-efficient for both Agency
and producer: exemption from all
provisions of FIFRA or exemption from
the registration requirements of FIFRA
section 3. This proposal contains twa
sections devoted to exemptions. These
sections would be used to list pesticides
exempted partly or wholly from FIFRA
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Plant nutrients are one of the environmental factors essential for crop growth and development. Nutrient management is crucial for optimal
productivity in commercial crop production. Those nutrients in concentrations of = 100 parts per million (ppm) in plant tissues are described
as micronutrients and include iron (Fe), zinc (Zn), manganese (Mn), copper (Cu), boron (B), chlorine (Cl), molybdenum (Mo), and nickel (Ni).
Micronutrients such as Fe, Mn, Zn, and Cu are easily oxidized or precipitated in soil, and their utilization is, therefore, not very efficient.
Chelated fertilizers have been developed to increase micronutrient utilization efficiency. This publication provides an overview of chelated
fertilizers and considerations for their use to county Extension faculty, certified crop advisers, crop consultants, growers, and students who
are interested in commercial crop production.

What is chelated fertilizer?

The word chelate is derived from the Greek word chelé, which refers to a lobster's claw. Hence, chelate refers to the pincer-like manner in
which a metal nutrient ion is encircled by the larger organic molecule (the claw), usually called a ligand or chelator. Table 1 lists common
natural or chemical synthetic ligands (Havlin et al. 2005; Sekhon 2003). Each of the listed ligands, when combined with a micronutrient, can
form a chelated fertilizer. Chelated micronutrients are protected from oxidation, precipitation, and immobilization in certain conditions because
the organic molecule (the ligand) can combine and form a ring encircling the micronutrient. The pincer-like manner in which the micronutrient
is bonded to the ligand changes the micronutrient's surface property and favors the uptake efficiency of foliarly applied micronutrients.

Why is chelated fertilizer needed?

Because soil is heterogeneous and complex, traditional micronutrients are readily oxidized or precipitated. Chelation keeps a micronutrient
from undesirable reactions in solution and soil. The chelated fertilizer improves the bioavailability of micronutrients such as Fe, Cu, Mn, and
Zn, and in turn contributes to the productivity and profitability of commercial crop production. Chelated fertilizers have a greater potential to
increase commercial yield than regular micronutrients if the crop is grown in low-micronutrient stress or soils with a pH greater than 6.5. To
grow a good crop, crop nutrient requirements (CNRs), including micronutrients, have to be satisfied first from the soil. If the soil cannot meet
the CNR, chelated sources need to be used. This approach benefits the plant without increasing the risk of eutrophication.

Several factors reduce the bioavailability of Fe, including high soil pH, high bicarbonate content, plant species (grass species are usually
more efficient than other species because they can excrete effective ligands), and abiotic stresses. Plants typically utilize iron as ferrous iron

(Fe2+). Ferrous iron can be readily oxidized to the plant-unavailable ferric form (Fe3+) when soil pH is greater than 5.3 (Morgan and Lahav

2007). Iron deficiency often occurs if soil pH is greater than 7.4. Chelated iron can prevent this conversion from Fe2* to Fed*.

Applying nutrients such as Fe, Mn, Zn, and Cu directly to the soil is inefficient because in soil solution they are present as positively charged

metal ions and will readily react with oxygen and/or negatively charged hydroxide ions (OH"). If they react with oxygen or hydroxide ions, they
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form new compounds that are not bioavailable to plants. Both oxygen and hydroxide ions are abundant in soil and soilless growth media. The
ligand can protect the micronutrient from oxidization or precipitation. Figure 1 shows examples of the typical iron deficiency symptoms of
lychee grown in Homestead, Florida, in which the lychee trees have yellow leaves and small, abnormal fruits. Applying chelated fertilizers is
an easy and practical correction method to avoid this nutrient disorder. For example, the oxidized form of iron is ferric (Fe3+), which is not
bioavailable to plants and usually forms brown ferric hydroxide precipitation (Fe(OH)3). Ferrous sulfate is often used as the iron source. Its

solution should be green. If the solution turns brown, the bioavailable form of iron has been oxidized and Fe is therefore unavailable to plants.

In the soil, plant roots can release exudates that contain natural chelates. The nonprotein amino acid, mugineic acid, is one such natural
chelate called phytosiderophore (phyto: plant; siderophore: iron carrier) produced by graminaceous (grassy) plants grown in low-iron stress
conditions. The exuded chelate works as a vehicle, helping plants absorb nutrients in the root-solution-soil system (Lindsay 1974). A plant-
excreted chelate forms a metal complex (i.e., a coordination compound) with a micronutrient ion in soil solution and approaches a root hair. In
turn, the chelated micronutrient near the root hair releases the nutrient to the root hair. The chelate is then free and becomes ready to
complex with another micronutrient ion in the adjacent soil solution, restarting the cycle. The process works like this:

A chelate is exuded from a root to the soil solution.
The chelate complexes a micronutrient (e.g., iron) from the soil solution.
The chelated micronutrient is carried to a root hair, where it is released.

The chelate goes back to the soil solution and starts another cycle.

Figure 1. Typical iron deficiency symptoms of lychee (Litchi chinensis, the soapberry family).
Credit: Yuncong Li

[Click thumbnail to enlarge.]

Chemical reactions between micronutrient chelates and soil can be avoided by using a foliar application. Chelated nutrients also facilitate
nutrient uptake efficiency for foliar application because crop leaves are naturally coated with wax that repels water and charged substances,
such as ferrous ions. The organic ligand around the chelated micronutrient can penetrate the wax layer, thus increasing iron uptake (Figure
2). Compared to traditional iron fertilization, chelated iron fertilization is significantly more effective and efficient (Figure 3).

Figure 2. Schematic diagram of chelated fertilizers facilitating nutrient uptake for foliar application. Without chelation (aqua), micronutrients
stay on the leaf surface. With chelation (aqua surrounded by blue), micronutrients first move into the mesophyll and then release
micronutrients. Color key: aqua = a micronutrient ion; blue = organic ligand; dark green = wax layer on leaves; light green = mesophyll.
Credit: Fullerton 2004

[Click thumbnail to enlarge.]
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Figure 3. Comparison of foliar applications of chelated Fe, regular iron fertilizers, and no iron fertilization on correcting iron deficiency of
lychee (Litchi chinensis, the soapberry family).
Credit: Yuncong Li

[Click thumbnail to enlarge.]

Therefore, chelated fertilization can improve micronutrient use efficiency and make micronutrient fertilization more cost effective. The images
in Figure 3 show the difference in three treatments with lychee: chelated Fe(ll) is greener than FeSOy4 plus sulfuric acid, and FeSOy4 plus

sulfuric acid is greener than no iron fertilization (Schaffer et al. 2011).

Which crops often need chelated fertilizers?

Vegetable and fruit crop susceptibility to micronutrients differs significantly (Table 2). For those in the highly or moderately susceptible
categories, chelated fertilizers are often needed. For those with low susceptibility, generally speaking, no chelated fertilizers are needed
unless the soil is low in micronutrient bioavailability, as demonstrated by a soil test. Soil pH is a major factor influencing micronutrient
bioavailability; therefore, if soil pH is greater than 6.5, then the soil may have limited micronutrient bioavailability (Poh et al. 2009), and
chelated fertilizers may be needed.

Which chelated fertilizer should be used?

Each of the ligands (Table 1) can form a chelated fertilizer with one or more micronutrients. The effectiveness and efficiency of a particular
chelated fertilizer depends on the pH of the plant growth medium.

Figure 4. Effects of pH and chelate species, including EDTA, OTPA, and EDDHA, on chelated iron stability (A) and on crop yield (B)
Credit: (A) Havlin et al. 2005; Norvell 1972, (B) Havlin et al. 2005; Lindsay 1974

[Click thumbnail to enlarge.]

The ligands EDTA, DTPA, and EDDHA are often used in chelated fertilizers (Table 4). Their effectiveness differs significantly. Generally
speaking, EDDHA chelated Fe is most stable at soil pH greater than 7 (Figure 4, A and B). Chelated fertilizer stability is desired because it
means the chelated micronutrient will remain in a bioavailable form for a much longer time period, thus increasing micronutrient use efficiency
in vegetable and fruit production. The stability of three typical chelated Fe fertilizers varies at different pH conditions (Figure 4, A). The Y-axis
represents the ratio of chelated Fe to total chelate and ranges from 0 to 1.0. A value of 1.0 means the chelate is stable. The X-axis
represents soil pH. At 6.0, the ratios for all of the three chelated Fe fertilizers are 1.0 (stable), but at pH 7.5, only the ratio of EDDTA chelated
Fe is 1.0. That of DTPA chelated Fe is only 0.5, and that of EDTA chelated Fe is only 0.025. So, in practice, EDDTA chelated Fe fertilizer is
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most effective when pH is greater than 7 but most costly. Accordingly, crop yields of these three chelated fertilizers are in this order:
FeEDDHA > FeDTPA > FeEDTA (Figure 4, B). See Micronutrient Deficiencies in Citrus: Iron, Zinc, and Manganese
(http://edis.ifas.ufl.edu/ss423) for effective pH ranges of iron chelates. Table 3 shows the relationship between soil pH and chelated fertilizer
requirement.

Correction of Fe deficiency depends on individual crop response and many other factors. For instance, for vegetables, the rate is usually 0.4—
1 Ib. chelated Fe in 100 gal. of water per acre. Deciduous fruits need 0.1-0.2 Ib. chelated Fe in 25 gal. of water per acre (Table 5). Foliar
application is more effective than soil application. For foliar application, either inorganic or chelated Fe is effective, but for fertigation, chelated
Fe should be used. In high pH soil, crops are also vulnerable to Cu deficiency stresses. Chelated Cu is significantly more effective than
inorganic Cu. A commonly used copper chelate is Na,CuEDTA, which contains 13% Cu. Natural organic materials have approximately 0.5%

Cu (Table 5).

In addition to soil pH, Mn is also influenced by aeration, moisture, and organic matter content. Chelated Mn can improve Mn bioavailability.
Mn deficiency occurs more often in high pH and dry soil. Similar to other micronutrients, foliar spray is much more effective than soil
application. For commercial vegetable production, 0.2—-0.5 Ib. MNEDTA in 200 gal. of water per acre can effectively correct Mn deficiency
(Table 5). Zinc is another micronutrient whose bioavailability is closely associated with soil pH. Crops may be susceptible to Zn deficiency in
soil with pH > 7.3. Spraying 0.10-0.14 Ib. chelated Zn in 100 gal. of water per acre is effective (Poh et al. 2009). Animal waste and municipal
waste also contain Cu, Mn, and Zn micronutrients (Table 5). For more information about micronutrient deficiency in crops, see Plant Tissue
Analysis and Interpretation for Vegetable Crops in Florida (http://edis.ifas.ufl.edu/ep081), Micronutrient Deficiencies in Citrus: Iron, Zinc, and
Manganese (http://edis.ifas.ufl.edu/ss423), and Iron (Fe) Nutrition of Plants (http://edis.ifas.ufl.edu/ss555).

Practical Take-Home Message

e High pH soil (pH > 6.5) often has low bioavailability in micronutrients such as Fe, Mn, Zn, and Cu, and micronutrient fertilizers are

needed for commercial crop production.

e  Crop susceptibility to the above micronutrients depends on the species and cultivar. Commercial crops can be categorized into
three susceptibility groups: high, medium, and low. The first two groups often need chelated fertilizers.

Inorganic water-soluble micronutrient application to the soil is often ineffective for correcting micronutrient disorders.

Chelated fertilizers are less reactive to soil conditions and can significantly enhance nutrient uptake and utilization efficiencies.

Chelate fertilization rates range from 0.2 to 1 Ib. micronutrient per acre for vegetable production and 0.1-0.5 Ib. micronutrient per
acre for fruit production.

Foliar application of chelated fertilizers is often more effective than soil application.
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Tables

Table 1. Common synthetic and natural chelate compounds (ligands)

Abbreviation Name Formula
CDTA Cyclohexanediaminepentaacetic acid C14H2208N;
CIT Citric acid CeHgO7
DTPA Diethylenetriaminepentaacetic acid C14H23010N3
EDDHA Ethylenediaminediaminedi-o-hydroxyphenylacetic acid C1gH2006N>
EDTA Ethylenediamintetraacetic acid C10H1606N2
EGTA Ethylene glycol bis(2-aminoethy! ether) tetraacetic acid C14H24010N2
HEDTA Hydroxyethylenediaminetriacetic acid C1oH1807N2
NTA Nitrilo-triacetic acid CeHgOgN

OX Oxalic acid C2H204

PPA Pyrophosphoric acid H4P207

TPA Triphosphoric acid H5P3010
(Source: Havlin et al. 2005; Sekhon 2003)
Table 2. Selected vegetable and fruit crop species' relative susceptibility* to some micronutrient deficiencies

Cu Fe Mn Zn
Vegetable
Asparagus Medium Low
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Bean Low High High High
Broccoli Medium High Medium
Cabbage Medium Medium Medium Medium
Cauliflower Medium High Medium
Carrot High Medium Low
Celery Medium Medium
Cucumber Medium High
Lettuce High High Medium
Mustard/crucifers Low
Onion High High
Pea Low/medium Medium High Low
Potato Low Low High Medium
Radish Medium High
Spinach High High High Medium
Sweet corn Medium Medium Medium High
Tomato Medium High Medium Medium
Turnip Medium

Fruit
Apple Medium High High
Deciduous Medium High High High
Citrus High High High High
Grape Medium High High High
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Raspberry High High

Strawberry Medium High High

* The high category needs micronutrient fertilization; the medium category probably needs fertilization; the low category usually does not
need fertilization.

Note: Cultivars often respond differently to low soil micronutrient conditions. Check with your seed or transplant supplier about the attributes
when selecting a cultivar source.

(Source: Alloway 2008; Havlin et al. 2005)

Table 3. Soil pH and chelated fertilizer requirements in commercial crop production

SoilpH < 5.3 Soil pH ranges from 5.3 to 6.5 Soil pH > 6.5

No chelated fertilizers are needed. Chelated fertilizers may be needed. Chelated fertilizers are needed.

At soil pH 5.3 or lower, soil can generally provide sufficient Fe, Cu, Mn, and Zn. In the soil pH range from 5.3 to 6.5, highly susceptible crop
species may need chelated fertilizers. At soil pH 6.5 or greater, most crops need chelated fertilizers.

Table 4. Chelated fertilizers, formula, and nutrient content (%)

Source Formula Nutrient (w/w, %)
Iron chelates NaFeEDTA 5-14
NaFeEDDHA 6
NaFeDTPA 10
Copper chelates Nap,CuEDTA 13 Cu
Na,CuHEDTA 9
Manganese chelates Na;MnEDTA 5-12 Mn
Zinc chelates NapZnEDTA 14 Zn
Na,ZnHEDTA 9-13 Zn
Natural organic materials - 5-10 Fe, 0.5 Cu, 0.2 Mn, 1-5 Zn

Table 5. Examples of chelated fertilization rates for selected commercial vegetable and fruit crops
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Crop Nutrient Rate Source

Iron:

Vegetables 0.5—11b./100 gal. water/A Iron chelates
Deciduous fruits 0.1-0.2 Ib./25 gal. water/A Iron chelates
Citrus 0.03-0.05 Ib./2-5 gal. water/tree Iron chelates
Copper:

Corn 0.8 Ib./100gal. water/A NayCuEDTA
Manganese:

Vegetables 0.2-0.5 1b./200 gal. water/A Na;MnEDTA
Zinc:

Pecan 0.3-0.5 Ib. Zn/100 gal. water/A NapZnEDTA
(Source: Havlin et al. 2005)
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Abstract

The physiological effects of humic substances (HS) on some aspects of plant growth and metabolism are examined. Evidence has been
presented on that the effect of HS on plant growth depends on the source, concentration and molecular weight humic fraction. While a low
molecular size (LMS < 3500 Da) fraction easily reaches the plasmalemma of higher plant cells and, in part, is taken up into them, a high
molecular size fraction (HMS > 3500 Da) is not absorbed and can interact only with the cell wall. Therefore, a LMS fraction is the major
candidate for determining the positive effects of HS on plant growth. The latter effects are in part exerted at the level of the plasma membrane
by positively influencing the uptake of some nutrients, and in particular that of nitrate. The effects on the intermediary metabolism are less
understood, albeit it seems that HS may influence both respiration and photosynthesis. Humic matter appears also to display an hormone-
like activity. It is not clear if this activity is strictly linked to the chemical structure of HS or whether it depends on hormones of microbial
origin entrapped into them. In any case, HS exhibit stimulatory effects on plant cell growth and development. © 2002 Elsevier Science Ltd.

All rights reserved.

Keywords: Humic matter; Chemical characteristics; Hormone-like activity; Intermediary metabolism; Ion uptake; Plant cells

1. Introduction

Humic substances (HS), the major component of soil
organic matter, are the subject of study in various areas of
agriculture, such as soil chemistry, fertility, plant physi-
ology as well as environmental sciences, because of the
multiple roles played by these materials that can greatly
benefit plant growth (Tan, 1998).

The beneficial effects of HS on plant growth may be
related to their indirect (increase of fertilizer efficiency or
reducing soil compaction), or direct (improvement of the
overall plant biomass) effects. In particular, the increase of
root growth is generally more apparent than that of the shoot
(Vaughan and Malcom, 1985). The stimulatory effects of
HS have been correlated to the maintenance of Fe and Zn in
solution at effective concentrations (Clapp et al., 2001). In
this context, HS have been widely regarded as playing a
beneficial role in Fe acquisition by plants (Chen and Aviad,
1990; Pinton et al., 1999b). This effect has been mainly
attributed to the complexing properties of HS, which

* Corresponding author. Tel.: +39-49-8272905; fax: +39-49-8272929.
E-mail address: serenella.nardi @unipd.it (S. Nardi).

increase the availability of micronutrients from sparingly
soluble hydroxides (Stevenson, 1991). Although only in
part, HS, in particular those with a low molecular mass, are
taken up by plants and, therefore, may also actively modify
the plant metabolism (Vaughan and Malcom, 1985;
Muscolo and Nardi, 1999). Their effects appear to be
mainly exerted on cell membrane functions, promoting
nutrient uptake (Visser, 1986; Varanini and Pinton, 1995),
or plant growth and development, by acting as hormone-like
substances (Vaughan and Malcom, 1985; Nardi et al.,
1996).

This issue has been examined in recent reviews (Clapp
et al., 2001; Varanini and Pinton, 2001). Therefore, this
paper aims to reassess some physiological effects of HS on
higher plant cells.

2. Chemical characterization of humic matter

Many of the most important functions of HS will remain
obscure, until the nature of these substances will not be
elucidated. It is known that the chemical composition of
humic matter includes many aromatic rings that interact

0038-0717/02/$ - see front matter © 2002 Elsevier Science Ltd. All rights reserved.
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with each other and with aliphatic chains, giving rise to
macromolecules with different masses. Considering that the
genesis of HS involves combinations of several reaction
pathways and a wide variety of chemical binding systems,
it is very difficult to define a clear concept on their
composition (Hayes, 1997). Many of the original classical
methods to understand the nature of HS were based on
elemental composition, but the results obtained represent
averages for agglomerations of molecules and it is
impossible to derive precise empirical formulae from
these data (Hayes et al., 1989).

Later, valuable information was gained from chemical
degradation techniques (acid/base catalyzed hydrolysis,
oxidative and reductive processes and thermal procedures),
involving possible chemical constituents and building
blocks of HS (Hayes, 1997). However, because the major
linkages in the ‘core’ of HS are not hydrolysable, the energy
inputs needed to cleave the links between the component
molecules give rise to products that can be vastly different
from the molecules that compose the macromolecules.

Considerable progress has been made in the last few
years in providing an awareness of some of the gross
features of HS (Hayes et al., 1989; Stevenson, 1994), by
employing various spectroscopic procedures (Preston,
1996). Infrared spectroscopy has been the most widely
used for studies of HS (MacCarthy and Rice, 1985), but the
overlapping and the uncertainty of the assignations remain.
Other approaches, which include electron spin resonance
(Senesi and Steelink, 1989), Raman, ultraviolet—visible,
fluorescence, X-ray photoelectron spectroscopy, have also
been used.

The surface enhanced Raman spectroscopy technique
has recently been employed (Francioso et al., 1996). Since
its discovery, surface-enhanced Raman spectroscopy and
surface-enhanced resonance Raman spectroscopy had been
largely applied to the study of humic materials, demonstrat-
ing that it is possible to gather valuable information about
the aromatic groups and the special conformation of these
macromolecules in aqueous solution. The combined use of
these techniques has shown an increase of oxygenated
groups in HS with low molecular masses (Francioso et al.,
1996).

In recent years, with the aim of studying HS, consider-
able effort has been focused on applications of solution- and
solid-state >*C NMR (nuclear magnetic resonance) spec-
troscopy to studies of HS composition. This technique has
demonstrated that aliphatic compositions in HS are often as
important or, occasionally, more important than aromatic
structures. Aromaticity of HS, extracted from soils of
differing pedological origins, ranges from 30 to 60%, with
many in the 47-60% range. A substantial portion of
aliphatic C in HS consists of paraffinic C. One of the
advantages of '*C NMR is that it indicates the presence in
HS of a variety of structures whose determinations by others
methods would either be laborious and time-consuming, or
not possible at all. Even more valuable information on

the chemical nature HS can be obtained in an integrated
approach by combining '*C NMR with chemical and mass
spectrometric methods. Of considerable interest is a
comparison of solid-state '>C NMR data of humic acids
(HA) and fulvic acids (FA), extracted, respectively, from a
Mollisol Ah horizon and from a Haplaquod Bh horizon
(Table 1) (Schnitzer and Schulten, 1998). The spectra are
divided into the following regions: 0—40 ppm (C in the
straight-chain, branched, and cyclic aliphatics); 41 -60 ppm
(C in branched aliphatic, amino acids, and OCHj; groups);
61-105 ppm (C in carbohydrates, and in aliphatic contain-
ing C bounded to OH, ether oxygens, or occurring in five- or
six-membered rings bonded to O); 105—150 ppm (aromatic
C), 151-170 ppm (phenolic C), and 171-190 ppm (C in
CO,H groups). The main differences between HA and FA
concern the following aspects: C distribution in the two
humic fractions; HA are slightly more aromatic than FA, but
the FA are considerably richer in CO,H groups; HA are
richer in paraffinic C, but poorer in the carbohydrate-C than
FA. Nevertheless, on the whole, the main features, such as
aromaticity and aliphaticity are similar.

3. Uptake of humic matter

The assertion that HS can have a direct effect on plant
metabolism, implies that these substances are taken up into
plant tissues (Vaughan and Malcom, 1985). Earlier work
relied on color changes in plant organs as an indication of
uptake (Prat, 1963). Later, isotopes of carbon were used,
particularly 4C-labeled HS (Vaughan and Ord, 1981;
Vaughan, 1986). Vaughan (1986), using excised (25—
35 mm long) roots from 2 d-old peas (Pisum sativum ) found
that the amount of radioactivity associated with roots
increased with the concentration of HA and FA (Table 2).
At all the concentrations used in the incubation media, FA
were absorbed more than HA. When pea roots were

Table 1
Distribution of C (%) in a Mollisol humic acid (HA) and a Haplaquod fulvic
acid (FA), determined by 13C NMR (modified from Schnitzer and Schulten
(1998))

% of C

Chemical shift range (ppm) HA FA

0-40 24.0 15.6
41-60 12.5 12.8
61-105 13.5 19.3
106-150 35.0 30.3
151-170 4.5 3.7
171-190 10.5 18.3
Aliphatic C (0—105 ppm) 50.0 47.7
Aromatic C (106—150 ppm) 39.5 34.0
Phenolic C (151-170) 4.5 3.7
Aromaticity® 44.1 41.6

? ((aromatic C + phenolic C)/(aromatic C + phenolic C + aliphatic
C)) x 100.
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Table 2

Incorporation of radioactivity by pea roots treated with increasing of
concentrations of *C humic (HA) and **C fulvic acids (FA) (modified from
Vaughan (1986))

Humic HA FA
concentration (ug ™C 100 (ug "C 100
(mgl™1) mg 17! tissue) mg 17! tissue)
10 43 58

25 73 117

50 124 197

100 193 290

150 233 352

200 252 398

250 298 413

incubated in labeled humus at different temperatures and in
different experimental conditions (Tables 3 and 4), two
uptake components were operating, the first was an initial
and rapid passive process, while the second was a slower,
but continuous, active uptake dependent on metabolism.
Other data indicate that the initial uptake of HS is mainly
confined to the cell wall (Vaughan, 1986). In agreement
with the latter results, the different treatments (chelation
with EDTA, pronase treatment or NaOH wash), used to
remove the bound activity, had little effect. This indicates
that almost all the labeled HS were tightly bound to the cell
wall (Vaughan, 1986).

Further investigations on the uptake by plant roots of
humic fractions, with different molecular masses, have
supplied new insights. When pea roots were cultured at
metabolic temperatures, in the presence of radioactive LMS
fractions, the humic matter was taken up to a greater extent.
In addition, it was found that 70% of the radioactivity was
present in the supernatant fraction of pea roots. This was in
contrast with the value of 25% recovered in the supernatant
for the radioactive HMS humic fraction. When pea roots
were cultured at low temperatures and in the presence of the
two-labeled humic fractions, only the HMS fraction was
absorbed by pea roots. These results support the interpret-
ation that HS of all molecular weights can be absorbed and

Table 3
Uptake of 4C humic acid (HA) by pea roots after 3, 6, 12, 18 h in different
experimental conditions (modified from Vaughan (1986))

Root treatment 3h 6h 12h 18 h
(ng 'C (ng''c  (pg"'c (ng "'C
100 mg1™" 100mg1~' 100mgl~"' 100mgl~'
tissue) tissue) tissue) tissue)
Living (25 °C) 69 122 160 179
Living (4 °C) 41 49 56 65
Dead (25 °C) 35 42 37 43
Living (25 °C) 48 87 195 117
plus2.5 pg ml~!
CHM

Table 4
Uptake of '*C humic acid (HA) and fulvic acid (FA) by pea roots after 1, 4,
18 h (modified from Vaughan, (1986))

Humic fraction 1h (pg “C 4h (pg C 18 h (ug "*C
100 mg1~! 100 mg1~! 100 mg1~!
tissue) tissue) tissue)

HA 54 83 134

HA water 49 81 122

insoluble

HA water soluble 34 94 223

FA 31 89 231

show evidence that the uptake of LMS is dependent on the
active component of transport (Vaughan, 1986). The LMS
fraction absorbed by roots was then transferred to the
shoots, but, even in these cases, the amount transferred was
not higher than 10—12% (Vaughan, 1986). This pattern has
been confirmed by Muscolo and Nardi (1999), utilizing
LMS and HMS fractions conjugated with fluorescein
isothiocianate (FITC). They showed that only the LMS
humic fraction was able to interact with the plasma
membrane of cultured carrot cells.

4. Role of the humic matter in the ion absorption

The influence of soil humus on ion uptake, and more in
general on plant growth, has been examined by Vaughan
and Malcom (1985), Chen and Aviad (1990), Varanini and
Pinton (2001) and Clapp et al. (2001). The effects of HS on
ion uptake appear to be more or less selective and variable,
in relation to their concentration and to the pH of the
medium. In beetroot disks, HA stimulated the development
of an uptake capacity for Na+-, Ba24-, while that of Ca2+
and Zn24 were unaffected (Vaughan and MacDonald,
1976). This fraction also enhanced the development of
phosphate uptake capacity, but retarded that of chloride
(Vaughan and MacDonald, 1971). The development of the
Na uptake capacity was related to protein synthesis, because
cycloheximide and D-threo-chloramphenicol (two protein
synthesis inhibitors) inhibited it. However, HA were not
able to overcome this inhibitory effect and did not affect the
incorporation and distribution of '*C-labeled amino acids
into proteins (Vaughan and MacDonald, 1976). In addition,
it has been reported that HMS and LMS fractions (Albuzio
etal., 1986) and HA and FA may affect NO5 , SO3™ and K+
uptake by barley and oat seedlings (Maggioni et al., 1987).
The most prominent stimulatory effect concerns NOj3
uptake in oat roots, although this was evident only after
several hours of exposure (Nardi et al., 1991).

The effects of HS on ion absorption by plant roots are not
easily explainable, owing to the complex and still unknown
nature of these substances. Furthermore, the effects
described in these papers are difficult to compare, because
HS with different features (due to the origin of the soil and
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the methods of extraction) were assayed. It is possible that
HS may exert several effects on plant functions and that
some of these may result, directly or indirectly, in a
modulation of ion uptake. In this scenario, a first line of
evidence is based on experiments carried out by utilizing
both transcription (6-methylpurine) and translation (cyclo-
heximide) inhibitors. It has been shown that HA stimulated
carrier-protein synthesis in barley roots at a post-transcrip-
tional level (Dell’Agnola and Ferrari, 1971; Dell’ Agnola
et al., 1981). This conclusion has been recently confirmed
by determining the messenger RNA amount, after treatment
of maize seedlings with LMS fraction (Nardi et al., 2000b).
The analysis of the synthesized polypeptides revealed a
post-transcriptional effect of humic matter on protein
synthesis and, consequently, on the overall plant nutrition
machinery. However, doubts remain concerning the exact
step in which these substances could exert their effects. In
any case this mechanism is in line with both relatively old
and recent findings, showing that HS (HMS and LMS
fractions) stimulated NOj3 by promoting the expression of
nitrate carrier proteins (Vaughan et al., 1985), and which
also resulted in the modification of some kinetic parameters
(Cacco et al., 2000). But the effects of HMS and LMS
fractions on NOjz uptake could also be explained by
considering that these substances may act as hormone-like
substances (Cacco and Dell’ Agnola, 1984; Dell’ Agnola and
Nardi, 1987; Nardi et al., 1988), or that they induce genome
modifications (Attina et al., 1992). In particular, it has been
shown by Nardi et al. (2000b) that only LMS fraction,
endowed with gibberellin-like activity, could increase NO3
uptake, while they strongly inhibited microsomal ATPase
activity and H™ extrusion by roots, in the same way as when
gibberellic acid was used. In any case, the mechanisms
suggested can explain why the stimulatory effects of LMS
fraction on NO3 uptake required long periods of incubation
through a regulation of the ‘coarse’ type.

As it is known, primary active transport by plant cells
depends on the presence of a vanadate-sensitive proton-
pumping ATPase (H"-ATPase) that builds up an electro-
chemical proton gradient across the plasma membrane
(Morsomme and Boutry, 2000). The latter energizes
secondary active transport, accomplished by carrier proteins
via symport or antiport. In this context, NOj is taken up by
an inducible H*/NO3 symport with a stoichiometry of 2:1
(Miller and Smith, 1996). Another line of evidence supports
the hypothesis that LMS fraction could interact with these
transport proteins (‘fine’ regulation), leading to modulation
of NO; uptake. This contention is reinforced by the
observation that LMS fraction can reach the apoplast and
interact with the plasma membrane of roots (Vaughan,
1986) and cultured carrot cells (Muscolo and Nardi, 1999).
The first evidence for an effect of HS on transport proteins
concerns the stimulation caused by HMS and LMS fractions
on the activity of the K*-stimulated ATPase (believed to be
coincident with the H"-ATPase of plasma membranes) of
microsomal fractions (Maggioni et al., 1987; Nardi et al.,

1991; Pinton et al., 1992). Similar results were also obtained
by showing that HA stimulated proton extrusion by roots in
a vanadate-sensitive manner, although this increase was
apparent only after 2—4 h of incubation (Pinton et al., 1997).
Nevertheless, this effect has been interpreted as a con-
sequence of a direct stimulation of HA on the proton pump
(H"-ATPase). LMS fraction could also stimulate the H*-
ATPase activity of isolated plasma membranes (Varanini
et al., 1993), thus determining an increase of the electro-
chemical proton gradient which might be, at least in part,
responsible for the stimulation of NO5 uptake (Pinton et al.,
1999a).

Finally, owing to their polyanionic (acid) nature, HS
could simply act as surface-active molecules (Visser,
1986; Nardi et al., 1991). By decreasing the pH at the
surface of the plasma membranes of root cells, HS may
counteract the alkalinization which occurs when NOs is
used as a N source and that is responsible for inhibiting
the H'/NO; symport (Raven and Smith, 1976). Con-
cordantly, when there was a decrease of NO; uptake, at
the same time, an increase in the NHJ uptake takes
place (Barber, 1984).

The plasma membranes of plant cells possess several
redox activities that can be related to both plant nutrition
and cell wall formation and lignification (Liithje et al.,
1997; Bérczi and Mgller, 2000). In this context, it has
been shown that, in oat roots, HMS humic fractions
inhibited NADH oxidation in either the presence or
absence of an artificial electron acceptor (ferricyanide),
whereas LMS fractions inhibited this oxidase only if the
electron donor (NADH) and acceptor (ferricyanide) were
contemporarily added (Pinton et al., 1995). While the
first effect could be related to the activity of surface
peroxidases that can be involved in cell wall formation
and thickening (Vianello and Macri, 1991), the second
seems to be exerted on a different redox system with an
unknown function.

It is well known that Fe absorption by roots of
dicotyledonous plants requires a preliminary reduction of
Fe(Ill) to Fe(Il) by a Fe(Ill)-chelate reductase of plasma
membranes (Moog and Briiggemann, 1994). It has been
shown that Fe-deficient cucumber plants, at least in part,
could use Fe complexed with HS to reduce Fe(IIl) before
being absorbed by the roots (Pinton et al., 1998; Pinton et al.,
1999b).

5. Effect of humic matter on intermediary metabolism

A first aspect concerns the effect of HS on respiration,
although it is poorly understood. Our knowledge is mainly
based on results that have already been critically examined
in some reviews (Vaughan and Malcom, 1985; Chen and
Aviad, 1990; Varanini and Pinton, 1995; Nardi et al., 1996).
Surprisingly, the effect of HS on respiration of plant cells,
despite its relevance, has received little attention in recent
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years. Therefore, in this section we only reassess this issue
in the light of our more recent progresses on this aspect of
plant cell physiology (Affourtit et al., 2001).

There are many reports showing that HS, extracted from
a wide range of soils, were able to enhance respiration of
higher plants (Vaughan and Malcom, 1985), with the effects
of FA more pronounced than that of HA. These results have
been interpreted in varying ways. The possibility that HS-
induced stimulation can depend on the property of these
substances to act as substrates or respiratory chain catalysts
is no longer acceptable. In addition, the stimulation of O,
consumption is only in the order of 25-30% and obtained
with intact plants, such as tomato (Sladky, 1959) or beet
slices (Vaughan, 1967a). But this increase could also be
linked to a stimulation of peroxidase activity by HS
(Muscolo et al., 1993). Indeed the latter activity implies
an O, uptake, which is not distinguishable, at the tissue
level, from that linked to respiration, being both cyanide-
sensitive.

This aspect has also been addressed by using isolated rat
liver mitochondria. It has been shown that HS partially
uncoupled oxidative phosphorylation after a short exposure
(Visser, 1987). This effect can explain previous results
showing that synthetic HS also uncoupled oxidative
phosphorylation, thus decreasing ATP concentration.
These partial uncoupling has been confirmed by using
isolated higher plant mitochondria (Flaig, 1968), albeit this
effect was also accompanied by an increase of dry matter
and sometimes, as in cereals, of yield grain. This apparent
contradictory results have been explained suggesting that
the partial uncoupling renders some inorganic phosphate
available, without depleting cellular ATP, which is then
used in some phosphorylating reactions linked to biosyn-
thetic pathways. However, it has been demonstrated that
incubation of mitochondria with HS for a long period
resulted in a positive influence on oxidative phosphorylation
(Visser, 1987), a result that could explain the finding that HS
caused an increase of ATP production (Khristeva et al.,
1980). The latter observations are, however, difficult to
reconcile with the former. In addition, more recent results
show that HS determined a decrease (30—-40%) of cellular
ATP, without affecting O, consumption (Nardi et al., 1991).

From the above findings and considerations, it is not
clear whether HS influence respiration by directly or
indirectly interfering with mitochondria, thereby making
new experimental work necessary prior to drawing a firmer
conclusion.

A second aspect that has been examined concerns
photosynthesis. Even in this case, our information is
fragmentary and not very recent. Although indirect, the
most prominent effect of HS application to growing plants
was an increase of chlorophyll content which, in turn, could
affect photosynthesis (Sladky, 1959). However, the increase
of chlorophyll alone did not necessarily result in higher
yields. HS, applied to the growth solution, stimulated
enzyme activities related to the photosynthetic sulphate

reduction pathway (Ferretti et al., 1991). This positive effect
of HS has also been observed on the main photosynthetic
metabolism in maize leaves, where a decrease in starch
content was accompanied by an increase of soluble sugars
(Merlo et al., 1991). This change appeared to be mediated
by variations of the activity of the main enzymes involved in
carbohydrate metabolism.

6. Hormone-like activity of HS

In a series of papers published between 1914 and 1920
(Bottomley, 1914a,b; 1917, 1920), Bottomley showed that
HS enhanced plant growth by providing substances called
‘auximones’, a conclusion that has been independently and
successively reached also by Hillitzer (1932) and Chami-
nade and Boucher (1940). Later, using isolated root tips
from peas, O’Donnell (1973) concluded that HS exhibited
an auxin-like activity, confirming a previous result obtained
by Paszewski et al. (1957). These findings have been further
supported and extended by showing that humic fractions
have a high hormonal activity (Cacco and Dell’ Agnola,
1984; Dell’Agnola and Nardi, 1987; Nardi et al., 1988;
Piccolo et al., 1992).

In this context, new information arising from more recent
papers has further supported this hypothesis. In particular, it
has been shown that only LMS fractions induced morpho-
logical changes similar to those caused by indole-3-acetic
acid (IAA) (Muscolo et al., 1993). In addition, the LMS
fraction increased both peroxidase and TAA oxidase
activity, albeit IAA increased TAA oxidase, but inhibited
peroxidase activity. Again, Nardi et al. (1994), utilizing two
inhibitors of auxin (TIBA, 2,3,5-triiodobenzoic acid and
PCIB, 4-chlorophenoxy-isobutyric acid), demonstrated that
the TAA and LMS fractions induced root growth of
Nicotiana plumbaginifolia, while TIBA or PCIB alone
inhibited it. The presence of TIBA plus LMS fractions or
TIBA plus TAA inhibited root growth, while explants,
grown in the presence of IAA plus PCIB or LMS fractions
plus PCIB, showed roots similar to those obtained with IAA
or LMS fractions, respectively. These results thus confirm
that the LMS component of humic matter is the fraction
endowed with auxin-like activity, although the pathways
followed by the IAA and the LMS fraction in inducing their
effects may be somewhat different (Fig. 1).

In an attempt to evaluate the possible interaction of
the LMS fraction with plasma membranes (target of
TIAA) of carrot cells, Muscolo and Nardi (1999) labeled
with fluorescein isothiocyanate (FITC) IAA, HMS and
LMS. The results showed that fluorescent plasma
membrane staining was only observed in IAA- and
LMS fraction-treated cell cultures. Prior treatment of
carrot cells with unconjugated TAA or LMS humic
fractions blocked the fluorescein staining of both the
FITC-IAA and FITC-LMS humic fraction, giving indirect
evidence of the possible binding site of LMS humic
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Fig. 1. Photographs of leaf explants of Nicotiana plumbaginifolia treated with low molecular size humic fraction (LMS), indole-3-acetic acid (IAA), inhibitors
of TAA (TIBA, 2,3,5-triiodobenzoic acid and PCIB, 4-chlorophenoxy-isobutyric acid) and cycloheximide (a, control; b, IAA; ¢, LMS; d, IAA + LMS; e,
PCIB; f, PCIB + IAA; g, PCIB + LMS; h, TIBA; i, TIBA 4 IAA; 1, TIBA + LMS; m, PCIB + TIBA; n, cycloheximide; o, cycloheximide + IAA; p,
cycloheximide + LMS).

fraction to the IAA cell membrane receptors (Fig. 2). It
is important to emphasize that the interaction of HS with
cellular membrane is not due to the possible presence of
auxin components in this preparation. In fact, using
different approaches, the IAA content was identified in
the 0.5% (w/v) to 3.7% range in the LMS humic
fraction, according to the different sensitivities of the
assays and the methodology used (Muscolo et al., 1998).
A recent result seems to corroborate the above findings
(H. MacDonald, pers comm). She has shown that IAA
and LMS fractions had the same effect on the stomatal
opening in pea leaves. This inducing effect appears to be
mediated by phospholipase A, (PLA,) and protein kinase
C (PKC), both enzymes involved in the signal transduc-
tion pathway leading to the response of plants to [AA
(Scherer and Andre, 1989; Nemeth et al., 1998).

Very recently the hormone-like activity of humic matter
has been questioned in favor of a major effect of these
substances on the plasma membrane H*-ATPase (Varanini
and Pinton, 2001), or on an increased availability of micro-
elements (Fe and Zn) (Clapp et al., 2001). These
conclusions appear, however, somewhat simplistic and do
not consider the very complex nature of HS.

It is known that different soils vary in their native auxin
content (Hamence, 1946) and fertile soils contain greater
amounts of auxins than those that are less fertile (Stewart
and Anderson, 1942; Dahm et al., 1977). Auxin and
gibberellin concentrations are usually higher in the rhizo-
sphere than in the bulk soil, probably as a consequence of
increased microbial populations or of an accelerated

metabolism owing to the presence of root exudates.
Although numerous soil and rhizosphere micro-organisms,
as well as the root systems of higher plants have been
reported to produce auxins (Lebuhn and Hartmann, 1993)
and gibberellins (Rademacher, 1992), there is little
information about their stability. Therefore, only indirect
conclusions have been drawn about their presence in
amounts high enough to be biologically-active (Franken-
berger and Arshad, 1995). Perhaps, HS could be considered
as a sort of memory of microbial population and plant cover.
Frankenberger and Arshad (1995) have found that the active
ingredients in humus were not mineral nutrients, but were
organic substances and biologically-active metabolites of
various microbes. Indeed, mineral substances applied in
equal amounts to soil had little effects on plant growth. The
favorable effects of organic substances were observed
primarily after decomposition and processing of humus,
compost, and peat. Biological and biochemical transform-
ations are most likely to occur upon degradation of these
materials. This implies that the biologically active sub-
stances of humus are not the original parent compounds, but
are products of microbial metabolism. The starting organic
materials may comprise compounds that serve as precursors
or as substrates for the synthesis of biologically active
substances, including hormone-like substances, by the
heterotrophic activity of the soil microbiota. These plant
growth regulators, kept within HS, are of ecological
importance because they do not leach and, at the same
time, become available for plants (Nardi et al., 2000a;
Pizzeghello et al., 2001).
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Fig. 2. Light (1 and 2) and fluorescence (1a and 2a) microscopy of carrot cells incubated with fluorescein isothiocyanate FITC-HMS (high molecular size)

(1 and 1a) and FITC-LMS (2 and 2a) humic fractions.

7. Structure—activity relationships of HS

The lack of detailed knowledge on the composition of HS
renders makes it very difficult to identify the relationships
between the structure and the activity of these substances.
The study of these relationships is complicated, as seen
above, by the presence of other molecules, such as hormones
of microbial origin. Thus, attempts to relate these two aspects
have produced conflicting results. Nevertheless, it has been
suggested that functional carboxylic and hydroxylic groups
of HS could play a major role in determining their activity
(Mato et al., 1972; Malcom and Vaughan, 1978; Pflug and
Ziechmann, 1981), but the manner by which they exert their
effects remains to be elucidated (Vaughan and Malcom,
1985). Low molecular weight components of HS were shown
to be particularly active (Vaughan, 1967a,b, Mato et al.,
1972; Vaughan et al., 1974), although high molecular mass
components had a residual activity (Ladd and Butler, 1971;
Malcom and Vaughan, 1979). The effectiveness of LMS
fractions was due to a combination of the low molecular
weight and the high content of aromatic, carboxylic and
phenolic groups (Piccolo et al., 1992; Nardi et al., 1998,

2000a,b). This aspect has already been described by Visser
(1986), who noticed that LMS fractions and FA possessed a
higher metal binding capability with respect to HMS
fractions, because of the larger number of functional groups
(in particular carboxylic and phenolic OH groups). This
could explain how they improve nutrient assimilation and
plant metabolism. Moreover, LMS humus complexes
entered cells more easily then their HMS counterparts.
High molecular mass humic fractions could have an opposite
effect in plants, promoting the plant growth, but decreasing
enzyme activity (Visser, 1986; Nardi et al., 1988). In any
case, HMS substances have been reported to be irreversibly
fixed on the external cell surface (Vaughan and Ord, 1981)
and, as previously described, the majority of HMS fraction
was tightly bound to the cell wall (Vaughan, 1986). These
results are in line with those of Nardi et al. (1996, 2000a),
who showed that HMS humus treatment induced a higher rate
of root differentiation and the stimulation of enzyme
activities in metabolic processes related to plant growth
and differentiation. Again, Sessi et al. (2002) showed that
LMS fractions greatly stimulated NO3 uptake, while HMS
substances required a long period of exposure in NOj
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medium in order to exhibit a low stimulation. This result
agrees with that Vaughan (1986) obtained, who demon-
strated that only 25% of the radioactivity of HMS substances
remained in the supernatant of pea root seedlings which had
been incubated in HMS humus radioactive solution.

Such observations indicate that the LMS fraction, which
is endowed with a high aromatic, carboxylic and phenolic C
and with a low molecular weight, acts at the symplast and
directly influences plant metabolism. One idea is that HMS
fraction operates mainly on the cell wall influencing the
differentiation and growth process at the apoplast. Clearly,
more work is required in this important area of plant
nutrition.

8. Conclusions

It is clear from the above that HS may positively
influence higher plant metabolism. This function seems to
be carried out more readily by LMS humic fractions,
because they are able to reach the plasma membrane of
root cells and then to be translocated. Unfortunately, the as
yet unknown nature of HS prevents us from drawing more
conclusive results concerning the effects of HS on plant
growth. We can only affirm that HS appear to influence the
metabolism of plant cells at different levels. Their effects
may, therefore, be different and be additive, overlapping,
or, in some cases, mechanistic related. This apparently
puzzling situation can be however, rationalized by
hypothesizing that HS have several targets that can be
explained partly by their chelating capacity and partly by
their hormone-like activity. This is not surprising, con-
sidering the complex and differentiated nature of HS.
Therefore, more research is necessary to explain the
positive effects of HS on higher plants. In particular
these studies have to be, primarily, focused on the
following topics: (1) the availability of humus in the soil
solution and in the rhizosphere; (2) the link between humus
activity and the presence in the soil solution of active
metabolites of various microbes; and (3) the use of more
characterized HS in experiments on plant metabolism.
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Potassium Silicate
for use in crop production

Executive Summary

The following petition is under consideration with respect to the USDA NOP Final Rule, Subpart G, the National List of Allowed
and Prohibited Substances:

Petitioned: Addition of potassium silicate to section 205.601(i), “Synthetic substances allowed for use in organic crop
production as plant disease control,” and to section 205.601(j), “Synthetic substances allowed for use in
organic crop production as plant or soil amendments.”

The petition requests the use of potassium silicate in organic agriculture for plant disease control and as a plant or soil
amendment. The Petition as submitted makes no distinction when petitioning for these two separate uses, and they are
henceforth handled jointly in this TAP review.

Potassium silicate is a source of highly soluble potassium and silicon. It is used in agricultural production systems primarily as a
silica amendment, and has the added benefit of supplying small amounts of potassium. The NOP has no prior ruling on the use
of this substance. The National List allows the use of some synthetic silica-based fertilizers, but they are allowed only as
micronutrient amendments as a means to deliver trace metals and are not intended as silica fertilizers per se. The List also allows
the use of silicon dioxide in food processing.

Silicon is an essential micronutrient, and deficiencies significantly affect plant health. However, such deficiencies are rare except
in cases of silica-accumulating crops (sugarcane, rice) and/or highly weathered soils typical of tropical regions. There are
numerous studies on the use of silica amendments to control disease mechanically (when applied as a foliar spray) and
physiologically (when used a fertilizer). There is also substantial anecdotal evidence citing the benefits of siliceous substances in
organic agriculture. Numerous silica- and non-silica-based alternatives exist, although they may be less effective than potassium
silicate. Where needed, the generic mineral glauconite can be used to supply additional silica in significant quantities.

All TAP reviewers agreed that the petitioned substance should be considered synthetic. Two reviewers felt it should be
prohibited. One of these reviewers cited the nature of potassium silicate as a highly soluble synthetic fertilizer, and also
questioned its effectiveness as a fungicide. The other dissenting reviewer raised similar concerns, questioning the need for silica
amendments in organic systems and the legitimacy of supporting evidence. Both of these reviewers indicated that use of the
substance in organics should be revisited if and when the need, effectiveness, and mode of action are better demonstrated. The
third reviewer was in favor of adding the substance to the List, with annotations. The reviewer viewed the potential benefits as
significant, and felt that the substance ultimately is compatible with a system of organic agriculture.

Summary of TAP Reviewer Analyses

Synthetic/ Nonsynthetic
Synthetic (3) Reviewer 1: synthetic
Nonsynthetic (0) Reviewer 2: synthetic

Reviewer 3: synthetic

Allowed or Prohibited for use as a Notes/suggested annotations:
plant disease control § 205.601(i)
Allowed (1) Reviewer 1: Allowed with annotations: not to be derived from industrial byproducts; use limited to
Prohibited (2} foliar spray applications to correct silicon deficiencies

Reveiwer 2: Prohibited

Reviewer 3: Prohibited

Allowed or Prohibited for use as a Notes/suggested annotations:
plant or soil amendment § 205.601(j)

(Allowed (1) Reviewer 1: Allowed with annotation: not to be derived from industrial byproducts; use limited to
Prohibited (2) \foliar spray applications to correct silicon deficiencies

Reveiwer 2: Prohibited
Reviewer 3: Prohibited

This Technical Advisory Panel (TAP) review is based on the information available as of the date of this review. This review addresses the
requirements of the Organic Foods Production Act to the best of the contractor’s ability, and has been reviewed by experts on the TAP. The
substance is evaluated against the criteria found in section 2119(m) of the OFPA [7 USC 6517(m)]. The information and evaluation presented to
the NOSB is based on the technical evaluation against those criteria, and does not incorporate commercial availability, socio-economic impact
or others factors that the NOSB and the USDA may consider in making decisions.
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Identification
Chemical name: potassium silicate CAS Number: 1312-76-1
Trade name: AgSil, KASIL Other Codes: None found
Other names: silicic acid potassium salt,
soluble potash glass
Characterization
Composition (variable):
K;8i,05 — K;38i,0,
Physical Properties:
Molecular weight: variable
Appearance: Fine powder, may be dissolved in aqueous solution.
Color: Solid is colorless to yellowish; solution
pH =11.3
Solubility: 120mg SiO, as Si(OH), per liter. Very slowly soluble in cold water, increasingly soluble

in water with increasing temperature. Agricultural preparations are soluble in all
proportions. Insoluble in alcohol.

Stability: Stable under all conditions of use and storage.

Hazardous Polymerization: Will not occur.

Specific Uses
The petition requests the use of potassium silicate in organic agriculture for plant disease control (§205.601(i)) and as a plant or

soil amendment (§205.601(j)). The Petition as submitted to the NOP makes no distinction when petitioning for these two
separate uses, and they are henceforth handled jointly in this TAP review. Primarily, the beneficial effects of potassium silicate
amendments are derived from additions of soluble silica species (predominately SiO,) rather than potassium; the intended uses as
stated in the petition support the assumption that the substance is used primarily as a silicate fertilizer. Potassium silicate is
approved by the USDA as a fertilizer for conventional agriculture, and is used on variety of crops including rice, wheat, barley,
sugar cane, melons, grapes, cucurbits, sugar cane, and ornamentals. Potassium silicate is also used to control certain fungal
diseases on high value crops.

How Made:

Potassium silicates are manufactured using a calcination process that combines silica sand (SiO,) and potassium carbonate
(K,COs) at 1100-2300°F for up to 15 minutes (NOP Petition; Rawlyk and McDonald 2001). The two substances fuse into glass,
which can be dissolved with high-pressure steam to form a clear, slightly viscous fluid, or cooled and ground into a powder.
Carbon dioxide is evolved from this reaction. The solution can be dried to form hydrous powder crystals of potassium silicate.

Functionality

Applications of potassium silicate are primarily intended to provide supplemental silica. Most soils contain significant quantities
of silica, but continuous cropping, particularly with crops that accumulate significant quantities of silica, can reduce plant-
available levels of Si to the point that supplemental Si fertilization is required. There appears to be a need for Si amendments in
temperate as well as tropical crop production systems, and Si fertilizers are applied to crops in several countries for increased
productivity and sustainable production (Ma et al. 2001, Korndorfer and Lepsch 2001).

Silicon is the second most abundant element in the earth’s crust, and hence is plentiful in most soils. Soluble silica
concentrations in soil generally range from 30-40 mg SiO, per liter and are dominated by monosilicic acid, Si(OH),. Generally
speaking, silicon has not been considered an essential plant nutrient in the past, despite proven beneficial effects of silicon in
plant growth and disease prevention (Epstein 1994, 1999, 2000). High silica uptake has been shown to improve drought
resistance, increase resistance to fungi and other pathogens, and increase plant growth rate and yield (Marschner 1995, Piorr
1986, Belanger et al. 1995). However, its essentiality as a micronutrient for higher plants is difficult to prove, partly due to the
fact that many positive effects of Si are most apparent in cases of abiotic stresses. Silica amendments have also been shown to
correct soil toxicities resulting from high levels of soluble Mn**, Fe*', and AI** (Tisdale et al. 1999).

Crop plants differ greatly in their ability to take up silicon. Silica is absorbed by plants as silicic acid, with cereals and grasses
containing the highest concentrations (0.2-2.0%). Marschner (1986) divided plants into three major groups, depending on their
SiO, content: wetland Gramineae such as wetland rice, 10-15% (shoot dry weight), dryland Gramineae, such as sugar cane and
most cereal crops, 1-3%, and legumes and most dicotyledons, <0.5%.
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Status

OFPA, USDA Final Rule

Potassium silicate is not listed in the Final Rule. Synthetic silicates of zinc, copper, iron, manganese, molybdenum, selenium,
and cobalt are allowed as micronutrient plant or soil amendments in cases of documented soil deficiency (§205.601()(6)(ii)). In
processing applications, silicon dioxide (SiO,) is an allowed synthetic.

Certification

Domestic certifiers

California Certified Organic Farmers (CCOF) Certification Handbook — Not listed (CCOF 2000).

ldaho Department of Agriculture (ISDA) Organic Food Products Rules — Not listed (Section 02.06.33, 2000).

Texas Department of Agriculture (TDA) Organic Certification and Standards Materials List — Not listed. For processing, allows
silicon dioxide as a floating agent (2000).

Washington Department of Agriculture (WSDA) Organic Crop Production Standards — Not listed (WAC 16-154-070, 2000).

Organic Materials Review Institute (OMRI) Generic Materials List — Not listed (2002).

International certifiers
CODEX — Substances Allowed for Use in Soil Fertilizing and Conditioning: - basic slag, in cases of recognized need
Substances Allowed for Plant Pest and Disease Control: - mineral powders (stone meal, silicates)
- sodium silicate
- clay silicate (bentonite)
IFOAM - Appendix 1 (Fertilizers and Soil Conditioners) - basic slag of mineral origin
Appendix 2 (Crop Protectants and Growth Regulators) - silicates (e.g. sodium silicate, quartz) of mineral origin.
Canada— Not listed (CGSB 2002).
Japan-  Not listed (JAS 2001).

Regulatory
EPA -  Potassium silicate is registered as a pesticide under the Toxic Substance Control Act, and is considered List 3 (Inerts of

unknown toxicity) under the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA).
FDA - Potassium silicate is considered interchangeable with sodium silicate, a GRAS substance.
IARC — Not listed.
OSHA — Not listed.
NIEHS National Toxicity Program (NTP) — Not listed.

Section 2119 OFPA U.S.C. 6518(m)(1-7) Criteria

1. The potential of the substance for detrimental chemical interactions with other materials used in organic farming
systems.

Additions of potassium silicate have a very low potential for adverse reactions with other materials used organic farming
systems. The substance may react in storage with ammonium salts to form hydrogen gas, and care should be taken to avoid
contact with raw manure in closed storage. Potassium silicate solutions have a high pH, and applications may have adverse
effects if used on alkali sensitive crops. According to the Petition, mixtures incorporating compost tea or citric acid have
been used successfully in the past to lower the pH of potassium silicate solutions.

2. The toxicity and mode of action of the substance and its breakdown products or any contaminants, and their persistence
and areas of concentration in the environment.

Potassium silicate has no known chronic hazards, and neither silica nor potassium appreciably bioconcentrate in the food
chain (except with silica in the case of aquatic siliceous species). Potassium silicate contains no volatile organic
compounds, and applications will not result in the release of any hazardous or environmentally persistent byproducts
(Blumberg 2001).

The breakdown products of the material are potassium and silicon dioxide, both naturally occurring in practically all animal
species and ecosystems (King et al. 1938). Diluted potassium silicate solution readily depolymerizes into various silica-
based species loosely associated with potassium ions. Concentrations used in foliar sprays and nutrient solutions are
dominated by silicic acid, which is readily absorbed by plants. Dissolved potassium and silica species are indistinguishable
from their naturally occurring analogs.

The mode of action of potassium silicate is not fully understood. There appears to be both a mechanical mode of action
(when applied as a foliar spray), and a physiological mode of action (when translocated within plant tissues) with current
research mostly supporting the latter hypothesis. Silicon impregnates along epidermal cell walls (Parry and Smithson 1964).
These layers become effective barriers against water loss and fungal infection (Sangster 1970, Takeoka et al 1984). Silicon
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is also deposited in xylem vessel cell walls, preventing constriction of xylem under high transpiration stress (Raven 1983),
and in endodermal root cells, where it acts as a barrier against infection of the stele by parasites and pathogens (Bennett
1982). Although there appears to be a relationship between silicate treatments, resistance to fungal attack, and expression of
plant defense mechanisms (Cherif et al 1992), a concurrent study (Cherif et al 1992a) showed that accumulation and
polymerization of silica at fungal infection sites has no role in providing a physical barrier against fungal attack. Further
evidence points to the accumulation of silica in the trichomes of fruit as a possible barrier (Samuels et al 1993).

Potassium silicate has not been tested for ecotoxicity. It is not persistent in aquatic systems, but is highly alkaline in
solution form and can be harmful to aquatic life if not diluted and disposed of properly. The following information is based
on results from tests using chemically similar sodium silicate on a 100% solids basis (Blumberg 2001):

Fish (Gambusia affnis) LD, (96h) =2320ppm
Water fleas (Daphnia magna) LDsy (96h) =247 ppm
Snail eggs (Lymnea) LDs, (96h) =632 ppm
Amphipoda 1L.Ds, (96h) =160 ppm

3. The probability of environmental contamination during manufacture, use, misuse, or disposal of the substance.

As outlined in the “How Made” section, potassium silicate is made via calcination, or thermal conversion into an ashlike
powder. The substance is produced by reacting high-silica sand and mined potassium carbonate, yielding potassium silicate
and CO, gas. The manufacturing process does not appear to pose a substantial risk of environmental contamination, outside
of the upstream combustion of fossil fuels to power the reaction. There is no mention in the petition or in other literature of
impurities resulting from the reaction, or the use of catalysts other than heat.

While the petitioner intends to use naturally occurring sand as a primary raw ingredient, silica-laden compounds used as
silicon fertilizers for conventional agriculture are commonly sourced from industrial byproducts. These byproducts, referred
to ubiquitously as slag, are impurities precipitated from the refining of mined materials and smelting of metal ores.
Depending on the source, slags may also contain heavy metals associated with their origin or processing (e.g., uranium in
phosphate ore, nickel, and zinc). Nonetheless, the use of silica slag fertilizers in agriculture is widespread, particularly in
sugarcane fields and paddy rice systems. In conventional agriculture, calcium silicate slag (CaAl,Si,Og or CaSiOs) is
commonly used as a silica fertilizer (Tisdale et al 1999). Silicate slag applied at a rate of 1.5-3.0 t/ha is common practice in
degraded paddy fields in Japan (Kono 1969, Takahashi and Miyake 1977). Additionally, slag has been used in foreign
organic operations in the past. One organic agriculture research farm in Taiwan that used silica slag mixed with manure and
soybean meal reported a 25% yield increase of high-quality sponge gourd (Hsieh and Hsieh 1989). If potassium silicate is
allowed for organic crop production without specific annotation, it is possible that some silicate fertilizers will be sourced
from silica slag.

Solid and aqueous potassium silicate application techniques are unremarkable, and proper use of the material is unlikely to
pose a significant risk to the environment. The substance is stable under all conditions of agricultural use and storage
(Blumberg 2001). There is no CERCLA Reportable Quantity established for this material, indicating a relatively benign
nature. However, as mentioned in Criterion 2, the strongly alkaline solution is potentially toxic to aquatic species. Proper
disposal of the bulk material would require neutralization and landfilling or dilution and discharging to sewers in accordance
with legal regulations.

4.  The effects of the substance on human health.

The effects of potassium silicate applications on human health are likely to be minimal. Potassium is an essential element
for humans as a key electrolyte for maintaining basic cardiovascular functions. The use of potassium supplements is
commonplace (ANL 2001). An evaluation of the heath aspects of certain silicates as food ingredients determined that
potassium silicate is not hazardous when used at levels established for food ingredients (FDA 1978). Sodium silicate, a
GRAS substance considered by the FDA to be interchangeable with potassium silicate, has an acute LDs, (oral, rat) ranging
from 1500mg/kg — 3200mg/kg, similar to common table salt (LDso = 3000 mg/kg (oral, rat)) (Chao 1978). Potassium
silicate is registered for use as a used a corrosion preventative in water at concentrations not greater than 100 ppm (Chao
1978). Silicon dioxide (SiO,) is regulated for use as an anticaking agent, and as a stabilizer in beer production [21 CFR
172.480].

When handied and applied in an agricultural setting, the likely routes of entry are absorption through the skin and inhalation.
Acute overexposure may cause skin and respiratory tract irritation. The substance has not been tested for primary eye
irritation, but is regarded as an eye irritant on the basis of its high alkalinity and its similarity to sodium silicate (Blumberg
2001).

Applications of potassium silicate pose a risk primarily from inhalation or ingestion of silica-rich compounds. Respiratory

problems in the agricultural sector due to inhaled dust are a proven concern (Schenker 2000). Decades ago, it was shown
that dust arising from storage and handling of wheat grains contained particles that were believed to cause respiratory
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ailments (Baker 1961). Burning of high-silica crops, such as rice and sugarcane, have been problematic for worker health in
the past (Boeniger et al. 1988). There is also significant indirect evidence linking ingested plant silica and human cancer
(Sangster et al. 1983, Bhatt et al. 1984, Hodson et al. 1994), but there currently is no connection between plant silica and
inorganic silica sources. Mitigation of health risks associated with respiration of silica-laden dust can be achieved though
proper use of personal protective equipment including a NIOSH-approved dust respirator where dust occurs.

No carcinogenicity, mutagenicity, or developmental toxicity data are available for potassium silicate.
S.  The effects of the substance on biological and chemical interactions.

The agricultural benefits of silicon amendments on a soil ecosystem are well established. Si has been shown to mitigate
adverse effects of climate (Ohyama 1985), water and mineral deficiency (Ma 1988, Ma et al. 2001), salinity (Matoh et al.
1986), and some metal toxicities (Vlamis and Williams 1967, Cocker et al. 1998, Iwasaki and Matsumura 1999).

Silica amendments are proven highly effective at reducing aluminum toxicity (Haak and Siman 1992, Myhr and Erstad
1996) through a variety of mechanisms. Monosilicic acids — the primary soluble form of soil solution silica — can increase
soil pH (Lindsay 1979), adsorb to aluminum hydroxides and decrease their mobility (Panov et al. 1982), and form somewhat
insoluble substances with Al ions (Lumsdon and Farmer 1995). Soluble silicon compounds can also increase plant tolerance
to Al (Rahman et al. 1998). Successive silicate fertilizer applications have been shown to increase soil pH to levels that
adversely affect plant growth (Miayke and Takahashi 1983), but soils with high organic matter content tend to buffer this
effect, and additions of organic material were effective in correcting soil pH.

Applications of potassium silicate can increase the quantity of mobile phosphates in the soil (Gladkova 1982, Singh and
Sarkar 1992, O’Reilly and Sims 1995). In addition to stimulating desorption of phosphate anions from soluble phosphates
of calcium, aluminum, iron and magnesium, silica fertilizers also have good adsorption capacity. Application of Si-rich
material has the potential to decrease P leaching by 40-70%, while retaining P in a plant-available form (Matichenkov and
Bocharnikova 2001).

In addition to altering soil biochemical interactions, numerous studies have demonstrated a connection between potassium
silicate fertilization and increased disease and pest resistance. There is significant evidence that silica fertilization may
positively affect both silicon-accumulator plants and non-accumulator plants (Korndorfer and Lepsch 2001):

Foliar applications of potassium silicate have been shown to reduce the severity of powdery mildew and increase
chlorophyl! content and plant growth in strawberries (Wang and Galletta 1998). Potassium silicate did not reduce isolation
frequency of Phytopthora nicotianae and Pythium ultimum or root rot, however it did reduce levels of T. semipenetrans
(nematode) in soil (Walker and Morey 1999). Potassium silicate has been used in nutrient solutions to control Pythium
diseases on tomatoes and cucumbers (Adiatia and Besford 1986). An industry-sponsored study showed a foliar potassium
silicate spray provided “good to excellent control” of powdery mildew on winegrapes throughout pre-harvest at 630 ppm
SiO; and 1260 ppm SiO, solutions, applied at S00L/ha (McFadden-Smith 2001).

On cucumber plants, silicate fertilizer applied at a rate of 700 or 1400 kg SiO,/ha/yr for three years increased plant growth,
and reduced damage caused by wilt disease (Miyake and Takahashi 1983). A study demonstrating the uptake of silicate by
hydroponic cucumbers showed pronounced resistance to powdery mildew (Sphaerotheca fuliginea) when applied at 110
mg/L SiO, (Adapt and Bedford 1986). In a greenhouse study, dissolved silicate amendments via drip line reduced damage
to cucumbers caused by Didymelia byronise (O’Neil 1991).

Crops that accumulate Si such as rice and sugarcane are particularly vulnerable to Si deficiency, and additions of silica
fertilizers to soils low in plant-available Si result in marked productivity improvements. Following silicate fertilization in
low-Si soil, rice yield increases of ten percent are common and may exceed thirty percent at times of severe leaf blast
infection (Yoshida 1981). In one study, applications of sodium silicate (400 kg/ha) on upland rice reduced neck blast
(Pyricularia oryzac) and improved overall crop quality (Yamauchi and Winslow 1987). Silica applied to lowland rice soils
in Japan since 1955 have resulted in a significant increase in yield (Takahashi et al. 1990). In the US, applications of
calcium silicate to rice at up to 6.0 Mg/ha (2.7 t/ac) have been shown to be beneficial (Anderson et al. 1987). Silica slag
amendments used on rice systems in Louisiana had a positive effect on the incidence of blast (Pyricularia grisea), sheath
blight (Rhizoctonia solani) and brown spot (Bipolaris oryzae) (Bollich et al. 1996). In another study, silicon amendments
appear to be effective at very low concentrations; soluble SiO, applications of 100 mg/L increased wetland rice yields
significantly (Okuda and Takahashi 1965, Takahashi and Miyake 1977).

6.  Alternatives to using the substance in terms of practices or other available materials.

Silica is endemic in large quantities in most agroecosystems, and thus there are few organically approved commercial
sources of silica fertilizer. Where Si amendments are needed, a number of agricultural products high in silica may be used
to supplement soil reserves. These range from field trash, such as rice hulls and sugarcane bagasse, to shells from aquatic
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animals. Where agricultural solutions are not available or practical, the use of glauconite is a viable alternative. Glauconite
is a composite mineral of hydrated iron-potassium silicates (7% K,0, 54% Si0O,). The mineral is mined from naturally
occurring sedimentary deposits known as greensand, and has an established history of use as a natural soil conditioner. The
substance is commercially available and OMRI-listed.

Plant disease control

A number of foliar treatments to control fungal disease are currently used in organic agriculture, with research ongoing;
some of these are agricultural products. In one study, an aqueous solution of burnt rice husks (400 g/ha) was shown to be as
effective and economically viable as a 1% commercial sodium silicate solution for treatment of rice blast (Pyricularia
oryzae) (Hsieh and Hsieh 1989). Sulfur is by far the most widespread treatment for powdery mildew and botrytis bunch rot
on grapes, and there is a strong agricultural drive for effective organically acceptable controls of fungal disease as copper
sulfate falls out of favor due to environmental concerns (Willer et al. 2002, Kauer et al. 2002). Control of grapevine
powdery mildew (Uncinula necator) in a greenhouse was achieved with applications of Bacillus subtilis (94% disease
reduction), Synertrol Hort-oil' (92%), milk (70%), whey (64%), and Ecocarb? (57%) (Crisp et al. 2002). Further reductions
were achieved by combining vegetable oils and Ecocarb or whey. Disease suppression by canola oil on grapes (Azam et al.
1998), and by potassium carbonate on sweet peppers (Fallik et al. 1997) and potatoes (Olivier et al. 1998) has also been
demonstrated. Another study gave positive results on control of cucurbit powdery mildew with JMS Stylet oil, a
biocompatible fungicide (McGrath and Shishkoff 1999). The use of plant extracts such as giant knotweed (Milsana™) and
neem tree (Agroneem™, Trilogy™, Triact™) are being investigated for use as fungicides, as well.

7. The compatibility of the substance with a system of sustainable agriculture

From a purely agronomic perspective, potassium silicate appears to be compatible with sustainable agriculture. Si in the soil
is continuously removed via crop uptake and by leaching due to desilication processes. There is significant evidence to
support the claim that silicon amendments are highly beneficial in some agroecosystems. In addition, the substance contains
no persistent or environmentally toxic metabolites, and it appears to pose little risk based on its historical use as a food
additive and its chemical similarity to sodium silicate, a GRAS substance.

However, organic law generally does not tolerate the listing of soil amendments that are not naturally occurring in the form
that they are used. While the National List allows the use of some synthetic silica-based fertilizers (§205.601()(6)(ii)), they
are allowed only as micronutrient amendments as a means to deliver trace metals and are not intended as silica fertilizers per
se. A strong argument can be made that the substance is ultimately not compatible with organic agriculture based on the fact
that it is a fertilizer of high solubility and is not naturally occurring. Furthermore, silica fertilization is largely unnecessary
in most soils due to the continuous replenishment by natural soil reserves. Where silica amendments are needed, the
availability of a naturally occurring generic substitute (glauconite) makes its inclusion on the National List difficult to

justify.

! Canola-based product
2 Potassium bicarbonate-based surfactant
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Tap Reviewer Discussion

Reviewer 1 [Trained crops agronomist, working as a specialist in organic farmer for a non-profit information provider; 15

years experience in organic education and extension; Central]

Evaluation of the Petition against the Organic Farming Production Act Section 2119 U.S.C. 6518(m)(1-7) Criteria:

L

The potential of the substance for detrimental chemical interactions with other materials used in organic farming systems.

There is very little information provided in this section. However, based on an overall reading of the TAP document, I feel
satisfied that there is little or no concern that harmful interactions might result. The specific concern cited as regards
alkali-sensitive crops strikes me as a hazard due to the improper or ill-advised use of the material; not the sort of hazard that
criterion #1 was intended to address.

The toxicity and mode of action of the substance and of its breakdown products or any contaminants, and their persistence
and areas of concentration in the environment.

The only suggestion that there may be an environmental issue with this substance is in the area of disposal. In this instance
the concern revolves around the alkaline nature of the substance rather than any innate toxicity. It is hard for me to imagine
that farm use is unlikely to result in disposal of enough material to affect an aquatic system—except, perhaps, for a very
small pond. In any instance, the use of any amendment in a manner that causes pollution of surface- or ground-waters is a
violation of § 205.203 (d), which addresses the mishandling of natural fertilizer materials.

Therefore, I feel that there is no significant cause for concern over the use of potassium silicate, with regard to toxicity or
contamination of the environment.

The probability of environmental contamination during manufacture, use, misuse, or disposal of the substance.
Three issues are highlighted under this criterion: gas emissions, disposal of bulk material, and the possible use of slag.

Fossil fuels are used to drive the chemical reaction that creates potassium silicate, thereby releasing a certain amount of
polluting gasses. Also, the chemical reaction, itself, releases CO,. However, there is no indication in the information
provided that these releases are exorbitant or that they amount to a recognizable hazard.

The disposal of bulk material again appears to be a hazard chiefly from the standpoint of alkalization of the water in aquatic
systems. (There is no suggestion of any persistent or insidious pollutants.) I trust that EPA or related regulations are in
place to control such “point” pollution.

Much is made in the TAP document of the use of silica-rich slag in international organic production. Slags are prohibited in
US organic production, due in large part to the presence of heavy-metal contaminants in many sources. The TAP document
suggests that, if approved for organic use, potassium silicate be approved with an annotation that it be manufactured
only from naturally occurring sand.

Generally, I believe that that the probability of environmental contamination during manufacture, use, misuse, or
disposal, is low and does not present a barrier to use of this substance in organic crop production.

The effects of the substance on human health.

The point of concern on this issue revolves around silicate dusts as an inhalation hazard. I concur with the last
statement of this section, which suggests that health risks can be adequately mitigated through the proper use of
personal protective equipment such as dust respirators. With proper use and common-sense precautions, I feel that
potassium silicates do not present a significant human health danger.

The effects of the substance on biological and chemical interactions.

I agree that, from an agronomic perspective, the effects are largely, and even highly, positive. Based on evaluation of
this criterion, there are good reasons to support use of potassium silicate in organic production.

The alternatives to using the substance in terms of practices or other available materials.
Soil fertility: The Functionality section suggests that Si deficiencies may appear under a wide range of US climates and

cropping systems. This raises the question of whether the agronomic alternatives cited under #6 are adequate to rectify
deficit conditions. The TAP specifically mentions, rice hulls, sugarcane bagasse, and the shells of aquatic animals. I’'m
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under the impression that these by-products are economically available only in certain regions of the country. Much is said
about glauconite, which I concur, is a good material. However, it is mined on the East Coast and the cost-plus-shipping is
generally considered too high for agronomic use in most areas of the United States. Alternatively, it is reasonable to
suppose that other mineral deposits might provide significant amounts of silicon. I checked the label on Azomite®—a rock
mineral product that is more available in the West and Midwest; it purports to be 65.85% silica oxide (SiO,).

It is important in organic agriculture to remember that the strategy is not to feed the plant directly with readily soluble
nutrients, but to enrich the soil and enhance the biological processes that provide crop nutrition in a metered fashion.
Theoretically, organic systems utilizing rotations and green manures would replenish the supply of soluble silica from native
soil supplies, it being such an abundant element. However, there is no research cited to support or refute this, or to suggest a
possible timeframe; we would be taking that on faith as an organic principle.

1 am inclined to believe that there are organic alternatives to potassium silicate as a soil amendment/fertilizer, though
the material might be allowed for use as a micronutrient to correct deficiencies.

Plant disease control: The TAP document does a good job of listing several of the current fungicidal alternatives. Though
there are existing options for pest management, the use of silicates is consistent with organic management. I would be
inclined to accept its use as a pest control agent, especially in light of the fact that copper materials are falling into
disfavor and sulfur is phototoxic when temperatures increase.

7. Its compatibility with a system of organic agriculture.

The TAP document outlines the compelling arguments under this criterion exceptionally well. Potassium silicate is a
benign and generally beneficial material that can easily find a place in organic production systems. However, this
argument can be made for a number of synthetic materials such as ammonium suifate, calcium nitrate, calcium oxide
and calcium hydroxide. Organic agriculture does not “short cut” crop nutrition by using soluble fertilizers; the few
exceptions involve those materials like sodium nitrate, which are naturally found in a soluble form. And even sodium
nitrate has restrictions on its use.

Finally, however, the wording on this criterion is “compatibility with a system of “sustainable” agriculture. I do feel it
is compatible with a sustainable agricultural system.

Do you have any additional references?
I have no additional references.

How does the need to apply this substance compare to the ability of organic cropping systems to replenish silica from soil
reserves?

I have raised this question above. I will state again that, in theory, a combination of sound cropping practices that includes crop
rotations and green manures (that include grasses) should increase the availability of silicon. Where silica has been sorely
depleted, I believe there are rock-powder-amendments and organic by-products, which should be available for soil application.

In spite of this, I do believe that potassium silicate should be aliowed for use as a micronutrient via foliar fertilization. The
contribution to pest resistance is enormous; it is highly consistent with organic principles that maintain nutritional underlies
insect pest and disease resistance.

Recommendations to the NOSB:
a) The substance should be considered synthetic on the National List

a) The substance should be allowed with restrictions for use in organic crop production as a plant disease control and a plant
soil amendment.

I believe that potassium silicate should be allowed as a synthetic for pest control under § 205.601 (i) with the annotation that
it not be derived from industrial by-products and that it be used only as a foliar spray; it should be allowed as a
micronutrient under § 205.601 (j) (6) with the annotation that it not be derived from industrial by-products and that it be
used only as a foliar spray to correct or counterbalance silicon deficiencies.

I feel these would be consistent with the decisions made regarding calcium oxide and calcium hydroxide at the May 2002 NOSB
meeting in Austin.
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Reviewer 2 [Ph.D. in Crop and Soil Science, specializing in soil fertility and sustainability of managed and natural

ecosystems, carbon and nitrogen cycling processes; Pacific]

Evaluation of the Petition against the Organic Farming Production Act Section 2119 U.S.C. 6518(m)(1-7) Criteria:

1.

The potential of the substance for detrimental chemical interactions with other materials used in organic farming systems.

The substance should have minimal interactions with materials commonly used in organic agriculture when applied to soil
or as a foliar application. During storage of the compound, care must be taken to avoid wetting the material. The resulting
solution forms a mild alkaline mixture, which may become reactive. When applying it as a solution it may corrode
application equipment and harm sensitive plants if not buffered to a neutral pH. Spills are slippery. Reacts with acids,
ammonium salts, reactive metals and some organics.

The toxicity and mode of action of the substance and of its breakdown products or any contaminants, and their persistence
and areas of concentration in the environment.

Toxicity of potassium silicate is not well documented but thought to be minimal. When applied as an amendment to
soil or foliar application in accordance to application requirements, potassium silicate will have little to no potential to
contaminate or persist in the environment. Potassium silicate affects on metabolic interactions are not well
characterized if at all. Silicon is inserted mainly in plant cell wall structures. Other metabolic reactions requiring
silicon, such as enzymatic, are poorly characterized. Little toxicity information, such as Lethal Dose (LDso), is
available.

The probability of environmental contamination during manufacture, use, misuse, or disposal of the substance.
Solutions can have high pH (alkalinity). Undiluted or un-neutralized solutions are harmful to aquatic life.

The production of potassium silicate is energy intensive requiring temperatures in excess of 1000°F. for synthesis.
Potentially large amounts of carbon dioxide can be released during the manufacture of potassium silicate. Additional energy
is required to convert solids or liquids into a form suitable for storage and application.

Disposal of potassium silicate will require neutralization.
The effects of the substance on human health.

Spray mist or dust may irritate the respiratory tract and cause skin itching and redness. Ingestion of dust or spray causes
irritation to esophagus and stomach. Aggravates existing lung and skin medical conditions. Proper guidelines will need to
be developed for application if they do not already exist.

The effects of the substance on biological and chemical interactions.

Silica is absorbed by plants as silicic acid. Cereals and grasses tend to accumulate the most silicon. Accumulation of
silica in these plants can be as high as 20% of the dry weight. Dicotyledons accumulate much less silica. Silica
impregnates epidermal and vascular tissue. Reduced lodging, water loss and fungal infections are attributed to
adequate silica in these tissues. No biochemical role for silica has been determined.

The application of potassium silicate to soil has been shown to be beneficial. Beneficial effects include reducing the
toxic effects of manganese, iron and aluminum. Increased phosphorus availability occurs under beneficial levels of
silica. Silica has been shown to be beneficial in impoverished rice soils.

In general, soils contain 20 to 40% silica, which is often adequate for plant demands. Most normal soils have adequate
soil solution concentrations of silica in the range of 3 to 40 ppm silica. Rice soils often require in excess of 100 ppm
silica. Tropical soils that are highly weathered contain less than 10% silica and may require amendments to correct
silica deficiency. Silica deficient soils are often found in high rainfall regions where soils become intensively
weathered. These types of soils usually exhibit aluminum toxicity, low base saturation and low pH. Organic
management techniques to build soil organic matter often eliminate these poor soil qualities.

The alternatives to using the substance in terms of practices or other available materials.

Organic management for soil quality can often eliminate many undesirable soil characteristics that potassium silicate
can alleviate. Organic management often results in neutral soil pH reducing toxic effects manganese, iron and
aluminum. The increase in soil organic matter results in increased phosphorus availability. The purported beneficial
affects of silica on the reduction of disease has only been demonstrated in a few studies. Generally, the conclusion that
one can derive from these studies is that silicon has a beneficial effect on reducing some fungal diseases in soils where
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silicon is low (Schuerger and Hammer 2003; Rodrigues et al 2003; Kim et al. 2002). Many of these studies show
beneficial effects in rice and sugarcane but not in other commercial crops. More studies are required to definitively
state that silica is useful to prevent fungal infections in other crops. In the United States, low silicon soils are rare. Low
silicon soils are general associated with oxisols or highly weathered soils. Highly weathered soils are often found in
tropical environments. These soils have lost their primary minerals containing silicon and have weathered to oxides of
iron and aluminum. Hawaii may have highly weathered soils and there are reports of beneficial effects of silicon
fertilization on sugarcane crops grown on these highly weathered soils. Organic management can often reduce disease
through crop diversity and nutrient management. The necessity of potassium silicate for organic production has not
been demonstrated.

7. Its compatibility with a system of organic agriculture.

Since potassium silicate has not been demonstrated to be beneficial in organic or conventional cropping systems there
is no reason to recommend its use. Certain soils and crops may benefit from silica amendments. Often organic
management can alleviate soil problems related to fertility. Addition of composts and green manure are a source of
silicon and the addition of organic matter in soil may help to retain silicon. Rice and sugarcane may be obvious
exceptions that require silica amendments, especially on impoverished or highly weathered soils.

Do you have any additional references?

Rodrigues FA, Vale FXR, Korndorfer GH, Prabhu AS, Datnoff LE, Oliveira AMA, Zambolim L 2003. Influence of silicon on
sheath blight of rice in Brazil. CROP PROTECTION 22 (1): 23-29

Kim SG, Kim KW, Park EW, Choi D 2002. Silicon-induced cell wall fortification of rice leaves: A possible cellular mechanism
of enhanced host resistance to blast. PHY TOPATHOLOGY 92 (10): 1095-1103

Schuerger AC, Hammer W. 2003. Suppression of powdery mildew on greenhouse-grown cucumber by addition of silicon to
hydroponic nutrient solution is inhibited at high temperature. PLANT DISEASE 87 (2): 177-185

The literature on silica is generally small and often conflicting. Generally, only rice and sugarcane crops have shown benefit
from silicon additions. Many anecdotal accounts purport the benefits of silica. More research is required to determine the
positive biochemical and soil fertility benefits of silica.

How does the need to apply this substance compare to the ability of organic cropping systems to replenish silica from soil
reserves?

Organic systems are designed to recycle nutrients where possible. Addition of nutrients is often achieved through the use of
compost. Application of compost derived from lawn clippings and tree pruning would likely add silica to soil. Recycling of crop
residues and animal manure will maintain soil silica levels. In general, soil solution silica levels are generally adequate for most
crops in organic production.

Recommendations to the NOSB:
a) The substance should be considered synthetic on the National List

The substance is manufactured and requires considerable energy during production. The compound is synthesized.

b) The substance should be prohibited for use in organic crop production as a plant disease control and a plant soil
amendment.

The use of potassium silicate is not required for general organic agricultural done in the United States. Organic management
approaches such as cover cropping and use of manure and compost should efficiently recycle silica. Special cases may be
considered where high demanding silica crops such as rice and sugarcane are grown on impoverished or highly weathered soils.
However, as stated earlier, the use of composts and manure would help to alleviate problems with low silicon in soils. The
petition for potassium silicate use in organic agriculture should be revisited if widespread soils of low silicon content for use in
organic agriculture can be demonstrated or if scientific studies show in the future the benefits of silicon to soils and disease
suppression.

* % %

Reviewer 3 [Ph.D., plant pathology; 13 years organic industry years experience in certification, farm manager, assistant
farm advisor, and produce brokerage; agriculture consultant providing on-site technical advice, field
monitoring and research for fresh produce growers and shippers; Pacific/

Evaluation of the Petition against the Organic Farming Production Act Section 2119 U.S.C. 6518(m)(1-7) Criteria:

1. The potential of the substance for detrimental chemical interactions with other materials used in organic farming systems.
Potassium silicate has the potential for minor adverse chemical interactions with other materials when used under best
management guidelines in agricultural systems. The most important effect would be on alkali sensitive crops due to the high
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pH of potassium silicate solutions. However, mitigation is easily achieved. If high pH is of concern, the pH can be lowered
before or after application by adding acidifying materials from the Allowed Substance List.

Potassium (K*) ion is a natural constituent of soil. K* comprises a significant amount of the exchangeable soil solution ions
and is an essential macronutrient for plant growth. Soils dominated by kaolinitic clays have more potassium in equilibrium
with soil solution that illitic or other 2 to 1 expanding clays. Fertilization of potassium at recommended levels would not be
expected to change the behavior of other ions in soil solution substantially. High levels of K* may displace NH," in clays,
especially illite and cause leaching of NH,", but this effect would usually be small under normal fertilization procedures.

Silicon, although very common in soil, is largely unavailable for use by plants, occurring for the most part as an insoluble
component of rock and clay. Silicon is an essential micronutrient for some plants such as rice, but much less deficient than
potassium: silicon deficient soils are generally highly weathered, tropical soils with high levels of iron oxide and low levels
of siliceous minerals. Silicate from potassium silicate at recommended levels would not be expected to change the behaviour
of other ions in soil solution detrimentally. Possible benefits include an increase in phosphate desorption from Mg, Ca, Fe
and Al to make phosphate available to plants and increased absorption of phosphate to decrease phosphate leaching.
Phosphate leaching can be a serious environmental problem. Silicates may reduce the toxicity of high levels of manganese,
iron and aluminum,

Potassium silicate has little to none adverse reactions when used under best management guidelines for the application as a
fungicide. The high pH of the solution, if uncorrected, would affect tank mixes of materials sensitive to high pH. The
reported negative effects potassium silicate has on plant-infecting fungi might also negatively affect naturally or added
beneficial fungi in tank mixes or on plant leaves.

2. The toxicity and mode of action of the substance and of its breakdown products or any contaminants, and their persistence
and areas of concentration in the environment.
Potassium silicate is nontoxic if used with some precautions. In undiluted form, an alkaline solution it is toxic to aquatic
species. Contamination of water must be avoided.
The dissolution of potassium silicate in soil solution results in potassium and silicon dioxide ions, which are common in
animal species and ecosystems. The potassium ion will react with the cation exchange complex, reaching equilibrium with
solution within days of application. Diluting potassium silicate solutions with water results in depolymerization to various
silica-based ions, loosely associated with K*. Foliar sprays are mostly silicic acid and absorbed by plants.
The mode of action as a fungicide is unclear. Most importantly, potassium silicate does not seem toxic to fungi, and
therefore has fewer dangers to non-target species than toxic materials.
Potassium silicate has no chronic hazards, does not bio-concentrate in the food chain, nor makes volatile or toxic organic
compounds when used as recommended. Use will not result in hazardous of environmentally persistent byproducts.

3. The probability of environmental contamination during manufacture, use, misuse, or disposal of the substance.
Large-scale environmental contamination is unlikely from the manufacture, use, misuse or disposal of potassium silicate.
Production from high silica sand and mined potassium carbonate produces potassium silicate and CO2, with insignificant
direct effects on the environment. However, the significant energy requirement (likely using fossil fuels) for the process can
have a range of negative effects. No impurities seem likely.

Use of silica slag instead of sand, which may contain toxic heavy metals, may result in environmental contamination due to
errors in properly handling these metals during manufacture and disposal. No information on whether significant amounts of
such metals may be present after manufacture of potassium silicate from slags was provided, so I cannot comment on its use.

4. The effects of the substance on human health.
When used as an agricultural fertilizer or fungicide there should be no adverse effects on human health, provided standard
precautions are followed to protect applicators from skin and eye exposure, and inhalation or ingestion. The danger from
inorganic silicates is circumstantial, but can be avoided with proper procedures. Crops will not excessively bio-accumulate
potassium or silicon and therefore normal consumption of crop or associated products will not introduce toxic levels of
potassium in humans. Potassium is an essential element for humans, and silicon dioxide is used in food processing.

5. The effects of the substance on biological interactions in the agro ecosystem, including the physiological effects of the
substance on soil organisms (including salt index and solubility in the soil (crops, and livestock).
Potassium silicate when used at recommended application rates will show little to no adverse effects in agro ecosystems.
Normal application will not lead to any salinity problems. Adverse pH effects are possible (especially in already alkaline
soils), which would alter the makeup of soil organisms, but the pH can be lowered in a variety of ways. Leaching of
potassium or ammonium could occur in light textured soils or soils prone to flooding. Normally only minimal leaching loss
occurs. Potassium, if applied in excess could interfere with the uptake of other cations especially ammonium. However,
these effects should be short-term and not affect yield potential. Soil organisms are not known to be sensitive to potassium
and silicon in soil and likely would be only slightly affected. Excess silicate in soil is extremely unlikely, and applications
show a neutral or beneficial effect.
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6. The alternatives to using the substance in terms of practices or other available materials.
No other source of potassium silicate is available, however many sources of potassium and silicate in separate materials are
available. Such sources are only valuable as fertilizer, not as fungicides.

Soil Fertility. Alternate sources of potassium range from mined deposits to organic wastes to allowable synthetics. The
advantage of pure potassium silicate over mined or organic waste sources is that it reduces the possible excess application of
associated nutrients. This could be especially true in the case of organic materials (such as composts and manures) that are
managed for their N content. In many cases, excess potassium (excess defined as over recommended application rate) could
be applied when managing for specific amounts of N in organic materials. However, the amount of excess potassium in
organic materials managed for N would not lead to significant adverse consequences in agro ecosystems. A naturally
occurring source of silica (glauconite) has an established history and is available at reasonable cost.

Fungicide. Several foliar fungicides are available. However, all currently listed organically acceptable materials have serious
limitations in effectiveness. Two of the most effective allowable synthetics, sulfur and copper, have environmental concerns,
and also have limitations. All of the other available materials are frequently ineffective for the diseases that potassium
silicate is claimed to control. A different source of potassium silicate (burnt rice husks) has shown similar fungicidal
activity as sodium silicate.

7. Its compatibility with a system of organic agriculture.
As a fertilizer, potassium sulfate is not compatible with organic agriculture. As a fungicide, potassium silicate is in-between
a prohibited, processed, highly soluble material (generally incompatible with organic agriculture) and an allowed synthetic
material that is could be deemed compatible under specific circumstances. Manufacture of potassium silicate from slag
could not be successfully evaluated due to lack of information about the process.

Concluding remarks

Clearly, potassium silicate is a synthetic because, although the potassium carbonate and sand are mined, they require very high
temperature treatment to form potassium silicate, and therefore a significant contribution of fossil fuel or fossil fuel replacement
energy.

As a fertilizer, potassium silicate is highly soluble (generally a trait that puts a material in the prohibited grouping) and ‘jolts’ the
soil with a rapid release of nutrients, even though the effects of a rapid availability of potassium and silica is not believed to have
nearly as profound an impact as other materials such as sodium nitrate (an allowed non-synthetic material, with restrictions). As
a source of potassium or silicate for soil fertility, there are several effective non-synthetic, low soluble alternatives (lack of
alternatives can mitigate other prohibited traits). Although synthetic silicates of metallic micronutrients have been allowed, they
are not allowed as a source of silica, and probably should remain so: the reason for allowing these synthetic metallic silicates is
the lack of acceptable materials, not that they are compatible with organic philosophy. The weight of the above evidence puts
potassium silicate as a fertilizer in the prohibited column.

As a fungicide, the same concerns about synthetics are present. However the amounts used are much smaller, there is no ‘jolt’ to
the soil and, most importantly, effective alternatives are not available. Unfortunately, there is not convincing evidence that
potassium silicate will be even as effective as the alternatives, and its mode of action is not understood. These are important
considerations. Sulfur and copper are allowed synthetics because, although they have some non-target toxicity and environmental
troubles, they have a well-understood mode of action and breakdown products, have been used by organic farmers for a long
time, and are proven effective. Potassium silicate does not have significant non-target toxicities, environmental risks or
breakdown products, but does have a poorly understood mode of action, a short history of use, and has not been proven widely
effective.

Recommendations to the NOSB:
The substance should be listed as a prohibited synthetic on the National List.

However, I encourage the NOSB to reassess the material, perhaps as a restricted synthetic fungicide if, in the future, the mode of
action becomes better understood, and much more significant and widespread effectiveness as a fungicide is proved.
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Centuries ago, the American Indians and ancient Greeks
independently discovered that the leaves and bark of the
willow tree cured aches and fevers. It was not until 1828 that
Johann Buchner, working in Munich, successfully isolated a
tiny amount of salicin, the glucoside of salicyl alcohol, which
was the major salicylate in willow bark (for review see ref.
23). The name SA?, from the Latin word Salix for willow tree,
was given to this active ingredient of willow bark by Raffaele
Piria in 1838. The first commercial production of synthetic
SA began in Germany in 1874. Aspirin, a trade name for
acetylsalicylic acid, was introduced by the Bayer Company
in 1898 and rapidly became one of world’s best-selling drugs.
In spite of the fact that the mode of medicinal action of
salicylates is a subject of continual debate, they are being
used to treat human diseases ranging from the common cold
to heart attacks. Because even in aqueous solutions aspirin
undergoes spontaneous hydrolysis to SA, the two compounds
have similar effects in plants and will be treated together in
this review.

Salicylic or ortho-hydroxybenzoic acid belongs to a diverse
group of plant phenolics. These are compounds with an
aromatic ring bearing a hydroxyl group or its functional
derivative. The most important mechanism for formation of
benzoic acids in plants is the side chain degradation of
cinnamic acids, which are important intermediates in the
shikimic acid pathway (Fig. 1B). The conversion of cinnamic
acid to SA is likely to proceed via benzoic or ortho-coumaric
acid (1). A recent survey of SA content in the leaves and
reproductive structures of 34 plant species confirmed its
ubiquitous distribution in plants (14). The highest levels of
SA were found in the inflorescences of thermogenic plants
and in plants infected with necrotizing pathogens (see below).

SA AND FLOWERING

The first indication of the flower-inducing effects of SA
was obtained in an organogenic tobacco tissue culture sup-
plemented with kinetin and IAA (9), but these observations
never attracted much attention because a number of different
molecules were found to be active in inducing flower bud

! Support from the New Jersey Commission for Science and Tech-
nology, the U.S. Department of Agriculture/Competitive Research
Grants Office, and the Division of Energy Biosciences of the U.S.
Department of Energy

? Abbreviations: SA, salicylic acid; HR, hypersensitive reaction;
SAR, systemic acquired resistance; PR, pathogenesis-related; TMV,
tobacco mosaic virus.
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formation in tobacco cell cultures (4). The first suggestion
that SA may be involved in the regulation of flowering came
from experiments in which aphids were allowed to feed on
vegetative and reproductive forms of the short-day plant
Xanthium strumarum. It was hypothesized that a phloem-
transmissible factor responsible for the induction of flowering
could be found in the honeydew excreted by aphids. Differ-
ent fractions of honeydew were tested in a bioassay system
using Lemna gibba strain G3, a long-day plant, kept in a
noninductive light cycle. The flower-inducing substance from
X. strumarum was identified as SA, which at 5.6 uM caused a
maximal induction of L. gibba flowering (2). The stimulatory
effect of SA on flowering was later demonstrated in other
species of Lemnaceae, both short- and long-day, in Oncidium,
an ornamental orchid species, in Impatiens balsamina, a qual-
itatively short-day plant, in Arabidopsis thaliana, and in Pisita
stratiotes L. (Araceae).

The possibility that SA functions as the endogenous regu-
lator of flowering in Xanthium, Lemnaceae, or other plants
was diminished by the fact that SA did not induce flowering
in X. strumarum and that the levels of SA were not different
in honeydew collected from vegetative and flowering plants.
Also, no changes in the endogenous levels of SA in vegetative
or flowering Lemna have been reported. In addition, the SA
effect was not specific: a large variety of benzoic acids (22),
nonphenolic compounds (including chelating agents), ferri-
cyanide, nicotinic acid, and cytokinins induced flowering in
Lemna maintained under a noninductive photoperiod. In a
number of species, SA promoted flowering in combination
with other regulatory molecules (e.g. gibberellins).

THERMOGENIC PLANTS AND SEARCH FOR
CALORIGEN

Thermogenicity (heat production) in plants, first described
by Lamarck in 1778 (8) for the genus Arum, is now known
to occur in the male reproductive structures of cycads and in
the flowers or inflorescences of some angiosperm species
belonging to the families Annonaceae, Araceae, Aristolochi-
aceae, Cyclanthaceae, Nymphaeaceae, and Palmae (11). The
heating is believed to be associated with a large increase in
the cyanide-insensitive nonphosphorylating electron trans-
port pathway unique to plant mitochondria (7). The increase
in the use of this alternative respiratory pathway is so dra-
matic that oxygen consumption in the inflorescences of Arum
lilies at the peak of heat production is as high as that of a
hummingbird in flight. In addition to activation of the alter-
native oxidase, thermogenicity involves activation of glyco-
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lytic and Krebs cycle enzymes, which provide substrates for
this remarkable metabolic explosion.

In one of the Arum lilies, Sauromatum guttatum Schott
(voodoo lily), the temperature of the upper part of the spadix
known as the appendix increases by 14°C above the ambient
temperature on the day of blooming (Fig. 1A). The heat
facilitates the volatilization of foul-smelling amines and in-
doles that are attractive to insect pollinators. In 1937, Van
Herk (20) suggested that the burst of metabolic activity in the
appendix of the voodoo lily is triggered by “calorigen,” a
water-soluble substance produced in the male (staminate)
flower primordia located just below the appendix.

Van Herk’s ideas encountered some skepticism, partially
because attempts to isolate and characterize calorigen were
not successful until recently. However, in 1987 an attempt to
identify the elusive calorigen ended in success. Mass spectro-
scopic analysis of highly purified calorigen extracted from
the male flowers of voodoo lily indicated the presence of SA

Plant Physiol. Vol. 99, 1992

(13). Application of SA at 0.13 ug g™' fresh weight to sections
of the immature appendix led to temperature increases of as
much as 12°C. These increases duplicated the temperature
increases produced by the crude calorigen extract both in
magnitude and timing, indicating that SA is calorigen. The
sensitivity of the appendix tissue to SA increased daily with
the approach of anthesis and was controlled by the photo-
period.

On the day preceding the day of blooming, the levels of
SA in the appendix of the voodoo lily increased almost 100-
fold to 1 ug g™ fresh weight (15). The concentration of SA
in the appendix tissue returned to basal, preblooming levels
at the end of the thermogenic period. Of 33 analogs of SA
tested, only 2,6-dihydroxybenzoic acid and aspirin were ther-
mogenic and induced odor production (15).

The nuclear gene from S. guttatum encoding the alternative
oxidase protein with an estimated molecular mass of 38.9 kD
was recently isolated and characterized (17). Both calorigen
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Figure 1. Proposed action of salicylic acid in thermogenesis (A) and disease resistance (B). A, On the day before blooming, calorigen,
identified as SA, moves from the male flowers of voodoo lily to the appendix. There it induces heat and the production of odor attractive to
insect pollinators. The heat is a product of cyanide-insensitive respiration, which, along with the enzymes of the Krebs cycle and glycolysis,
is induced by SA. The mechanism by which SA induces thermogenesis still remains a mystery. B, During the development of the hypersensitive
response to pathogens, large amounts of SA are produced from cinnamic acid in the vicinity of necrotic lesions. A large portion of the SA is
immobilized as 8-O-p-glucosylsalicylic acid. Free SA enters the phloem and can be detected in upper leaves. Increases in SA are sufficient
for the systemic induction of PR proteins and resistance to subsequent infection. It is still unclear whether or not the export of SA from the
infected leaf can account for all of the SA present in the plant during SAR.

=
N




SALICYLATE, A NEW PLANT HORMONE 801

extract and SA cause the induction of the alternative oxidase
gene, providing additional confirmation of the chemical iden-
tity of calorigen. Although the mechanism involved in SA
induction of alternative respiration is being unraveled, the
mechanism by which SA stimulates glycolysis, the Krebs
cycle, and odor production during thermogenesis still remains
a mystery.

The discovery of the role of SA in the flowering of ther-
mogenic plants was the first demonstration of an important
regulatory role played by endogenous SA. The study ended
a 50-year-long search for calorigen and laid the foundation
for ongoing investigations of other processes that may be
regulated by SA in plants. This discovery also moved SA
research from the stage of collecting phenomenological ob-
servations to that of making serious attempts to understand
the mechanisms of SA action. It is important to remember
that both heat and scent production are an integral part of
flowering in thermogenic plants. Considering the numerous
reports on the induction of flowering by SA (see above), it is
tempting to speculate that endogenous SA may play a role
in the regulation of certain events in flowering of plants that
are not overtly thermogenic.

SA AND DISEASE RESISTANCE IN PLANTS

Some disease-resistant plants restrict the spread of fungal,
bacterial, or viral pathogens to a small area around the point
of initial penetration, where a necrotic lesion appears. This
protective cell suicide is referred to as the HR. The HR may
lead to SAR, which is defined as a resistance to subsequent
pathogen attack that develops in the uninfected, pathogen-
free parts of the plant after the initial inoculation (18). SAR
develops in a variety of plant interactions with lesion-forming
pathogens, is detected several days after the initial infection,
can last for several weeks, and is effective against a broad
range of pathogens that may be unrelated to the inducing
organism.

Commonly associated with HR and SAR is the systemic
synthesis of several families of serologically distinct, low mol
wt, PR proteins. The localization, timing of appearance, and
defense-related functions of at least some PR proteins suggest
their possible involvement in SAR. However, definitive proof
that the induction of PR proteins causes SAR is still lacking.

It is well established that resistance to pathogens and the
production of some PR proteins in plants can be induced by
SA or acetylsalicylic acid, even in the absence of pathogenic
organisms. The discovery of a protective function of salicy-
lates was made in 1979 in tobacco (Nicotiana tabacum cv
Xanthi-nc) (24). Xanthi-nc tobacco contains the “N” gene,
which originates from N. glutinosa and confers HR response
to TMV. Salicylate treatments also resulted in the induction
of PR-1 proteins in treated leaves. The level of PR protein
induction and TMV protection increased with increasing as-
pirin concentrations. A recent comprehensive study utilizing
modern molecular approaches showed that nine classes of
PR protein mRNAs that are induced during the development
of SAR to TMV in tobacco can be induced by SA to a similar
degree (21).

In TMV-susceptible N. tabacum containing the recessive
“n” allele, TMV does not trigger the induction of PR proteins

and HR. Instead, the virus spreads systemically, causing a
characteristic mosaic in younger leaves. However, aspirin
induces PR proteins in “n” tobacco and simultaneously re-
duces the spread and total accumulation of TMV (25). The
extent to which SA-induced resistance is based on the induc-
tion of PR proteins is still unknown. It is certainly possible
that SA activates other resistance mechanisms.

Because SAR can be induced systemically by localized
infections, the existence of a systemic signal that activates PR
proteins and/or other resistance mechanisms has been hy-
pothesized for at least 25 years (19). Evidence from stem
girdling and grafting experiments suggests that the putative
signal moves through the phloem tissue of the vascular
system of the plant. (6).

The observations that exogenous SA applications induce
resistance and PR proteins in plants and that SA is an
important endogenous messenger in thermogenic plants, to-
gether with the development of analytical methods to quan-
tify its endogenous levels in plant tissues (15), prepared the
way to test the possibility that SA is an endogenous messen-
ger that activates important elements of host resistance to
pathogens. The single-gene inheritance of TMV resistance in
tobacco provided a suitable experimental system in which to
investigate this possibility.

A new chapter in SA research started from the observation
that SA levels in TMV-resistant (Xanthi-nc), but not suscep-
tible (Xanthi), tobacco increase almost 50-fold, to 1 ug g™
fresh weight, in TMV-inoculated leaves and 10-fold in un-
infected leaves of the same plant (10) (Fig. 1B). Induction of
PR-1 genes paralleled the rise in SA levels. Although TMV
induced PR proteins only in Xanthi-nc tobacco, SA was
effective in both Xanthi “n” and Xanthi-nc “N” plants. By
feeding SA to excised leaves of Xanthi-nc “NN” tobacco, it
was shown that the observed increase in endogenous SA
levels is sufficient for the systemic induction of PR-1 proteins
(26) and increased resistance to TMV (5). TMV infection
becomes systemic and Xanthi-nc plants fail to accumulate
PR-1 proteins at 32°C. This loss of HR at high temperature
was associated with an inability to accumulate SA. However,
spraying leaves with SA induced PR-1 proteins at both 24
and 32°C (26).

SA is also exported from the primary site of infection to
the uninfected tissues (26). When leaves of Xanthi-nc tobacco
were excised 24 h after TMV inoculation and exudates from
the cut petioles were collected, the increase in endogenous
SA in TMV-inoculated leaves paralleled SA levels in exu-
dates. Exudation and leaf accumulation of SA were propor-
tional to TMV concentration. Different components of TMV
were compared for their ability to induce SA accumulation
and exudation: three different aggregate states of coat protein
failed to induce SA, but unencapsidated viral RNA elicited
SA accumulation in leaves and phloem (26). Mechanical leaf
injury did not stimulate SA production and exudation.

The highest concentrations of free SA are observed in and
around hypersensitive lesions (5). Chemical and enzymic
hydrolysis of extracts from TMV-inoculated leaves demon-
strated the presence of an SA conjugate tentatively identified
as 8-O-p-glucosylsalicylic acid (5) (Fig. 1B). The SA-glucoside
was immobile and could be detected only in tissue that
contained necrotic lesions. It was not detected in phloem
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exudates or virus-free leaves of TMV-inoculated Xanthi-nc
tobacco.

Another set of experiments has demonstrated that a flu-
orescent metabolite identified as SA increased dramatically
in the phloem of cucumber plants inoculated with tobacco
necrosis virus or the fungal pathogen Colletotrichum lagenar-
ium (12). Levels of SA increased transiently after inoculation
and reached a peak before SAR was detected. However,
analysis of phloem exudate from cucumber leaves demon-
strated that the earliest detectable increase in SA occurred 8
h after inoculation with Pseudomonas syringae pv syringae
(16). The systemic accumulation of SA was observed even
when the inoculated leaf remained attached to the plant for
only 4 h. Although supporting the role of SA as a component
of the transduction pathway leading to resistance, these
results suggest that another chemical signal may be required
for the systemic accumulation of SA in cucumber.

At present, the experimental evidence supports the hy-
pothesis that SA acts as an endogenous signal in induction
of PR proteins and at least some components of SAR (Fig.
1B). This conclusion is based on the fact that SA meets the
essential criteria of a signal molecule, namely: (a) SA induces
resistance to pathogens; (b) SA induces PR proteins; (c) SA
levels increase locally and systemically following pathogen
attack; and (d) SA moves throughout the plant via phloem.

CONCLUDING REMARKS

Centuries have passed since the healing substance from
willow bark was shown to have value not only for humans
but for the plants that synthesize it. Surprisingly, some of the
effects of SA in plants are also associated with reduction of
disease symptoms. We still do not know if there are any
connections between the therapeutic effects of salicylates in
plants and animals.

Although all indications are that SA regulates some aspects
of disease resistance and thermogenesis, we still do not
understand the biochemical link between the action of SA in
plant disease resistance and its thermogenic and odor-pro-
ducing effects in Arum lilies. It is also important to elucidate
the pathway(s) of SA biosynthesis and metabolism and iden-
tify genes involved in these pathways. Furthermore, the
molecular components of the SA signal transduction path-
way(s) should be elucidated and other possible regulatory
functions for SA in plants investigated.

The growing appreciation of the role of SA in plants may
bring some practical applications. For example, manipulating
the level of SA in plants may be a promising area for the
application of biotechnology to crop protection. Increases in
endogenous SA may be achieved via enhancing transcription
and translation of the genes for SA biosynthesis or by block-
ing the expression of genes involved in SA metabolism.
Engineering transgenic plants with elevated SA levels may
be the first step in the creation of crops with increased
resistance to agronomically important pathogens.

The classic definition of a plant hormone suggests that it
is an organic substance that acts in small quantities at some
distance from the site of its synthesis. This definition virtually
equates plant and animal hormones. A more recent and
probably more universal definition simply states that a plant

Plant Physiol. Vol. 99, 1992

hormone is a “natural compound in plants with an ability to
affect physiological processes at concentrations far below
those where either nutrients or vitamins would affect these
processes” (3). All the information on the role of SA in
thermogenesis and disease resistance suggests that SA meets
these qualifying criteria for a plant hormone.
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RIGCSA Scholarship & Research Tournament
Continues to be a Success!

The Scholarship and Research Committee sponsored
another successful event with the 31st Annual Scholar-
ship & Research Tournament held at Potowomut Golf
Club on October 7th.

Organizing this event requires dedication and hard
work of the committee members and staff early in the
year to achieve rewarding results. Recognition goes out
to the entire S&R Committee. The committee also ex-
tends a special thank you to Julie Heston for her assis-
tance, dedication and strong administrative support.

To our annual sponsors, who play a key role in the
tournament’s success, the committee extends its grati-

Pictured above (L-R): Mark Marcantonio, Potowomut Club Presi-
dent; Patrick Gertner, CGCS, Potowomut GC Superintendent;
John Eidson and Pat Hogan

tude. Please see the full list of sponsors for this event on
the following pages.

Special recognition is also extended to Patrick
Gertner, CGCS and the entire team at Potowomut Golf
Club. The superb conditions of the course and the facility
coupled with excellent service provided by the staff great-
ly contributed to the day’s success.

In closing, the unconditional support and efforts of all
participants will allow the Scholarship & Research Tour-
nament to remain a key event representing the RIGCSA's
strong commitment to educational enhancement.

Sincerely,
Richard Lombardi, Chairman
Scholarship and Research Committee
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In my newsletter
message back in

- June | lamented that
we just never seem
to get long stretches

more. After the rec-
= ord rains in June and
the devastating heat
waves of July took
their toll, the weather moderated nicely
and things got back to normal for most of
us. At least where | am, this September
and October had some of the finest
weather for growing turf and playing golf
that | can recall. | hope all of you have
been able to breathe a sigh of relief, and
found the time to get out and do the
things you like to do when away from
work. We have all earned it this year.
About the only day in the past two
months that the weather wasn’t coopera-
tive was at the RIGCSA Championship
held at Carnegie Abbey. Dean Chase
and his staff had the course primed and
ready for us, but torrential rain washed
out any hope of completing the round. |
know Dean and Mike Godet were disap-

Surf ‘n’ Turf

President’s Message

pointed with the turn of events, but we
appreciate their efforts and extend our
thanks.

Thanks also go out to Patrick
Gertner, CGCS for hosting the 31st An-
nual Scholarship and Research Tourna-
ment at Potowomut Golf Club. The blus-
tery winds made for a challenging day of
golf, but Patrick and his staff did a nice
job of setting the course up to be de-
manding yet fair. The food was tremen-
dous and the Pro Shop staff took excel-
lent care of us.

| would also like to thank all of our
members who played in the S&R or
made donations this year. The continued
support helps insure that our fine associ-
ation will lead the way in assisting stu-
dents and turfgrass researchers for many
years to come.

Sincerely,
Mike Whitehead, CGCS
RIGCSA President

Scholarship Applications are Now Available

Please visit www.rigcsa.org for an application
Or
contact Julie Heston (401) 934-7660 or jheston@verizon.net

To have an application mailed or emailed to you.

Deadline to submit applications is
December 3, 2013

Scholarships will be awarded at the

Annual Meeting in January 2013.
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Kevin’s GCSAA Corner

By Kevin Doyle, GCSAA Northeast Field Rep.

Perhaps you have seen the emails floating
around your inbox: "Volunteers needed!”
Most of you probably just delete that one,
right? Well, perhaps you might be willing to
reconsider. In a year and a half in my new
position, | have volunteered at four events,
and am leaving in two days to make it five.
Why do | volunteer you might ask? Well, |
am almost certain my reasons would be

*' similar to yours when you break it down. For
those of you that have worked on a staff hosting a large scale
event or volunteered as part of one, I'd like to hear feedback if
my assessment is off the mark. If you have never volunteered
for an event, perhaps you might want to try after reading about
it?

Why?

In short, why not! The facility, our colleague and often our
friend, is looking to put its best foot forward, not just once, but
for an extended period of time. Challenge the competitors, im-
press a world-wide audience, or attain member satisfaction,
whatever the specific reason, achieving these lofty conditions
take an immense amount of labor. Whether a facility operates
with a crew of twenty or sixty, extra help is always needed.
What kinds of tasks are needed to be done? Anything and eve-
rything are on the table, and the skill set can vary from simply
filling divots, to walk-mowing or rolling greens. All duties are not
the same. Fluffing rough (standing up four inch rough around
greens with a fan rake) can be a work-out, while towing a tur-
bine to blow debris off fairways isn't exactly going to work up a
sweat, so physical demands should not hold you back. The
long and short of it is, when the tasks are complete and the first
ball is struck to begin play, you have helped bring a facility as

TURF UNIVERSITY

close to perfection as possible. That is a great feeling!

Who?

The volunteer staffs | have been with are a mix of affiliates, su-
perintendents, assistants, intems and regular staff from courses
near and far. Learning what happens inside the ropes to make
events a success has great value, especially to students and
assistants. Superintendents and affiliates can often use these
opportunities to further build relationships. In short, anyone can
benefit from volunteering.

Will Work for Food!

Probably a better way to phrase the above: What do | get out of
it? They seem to feed the volunteers very well. Often, a uni-
form is part of the package, so a nice golf shirt or other swag
might be part of the deal. Your volunteer badge allows access
to the event, so you might see some of the best athletes com-
peting at the highest level while you are there. Above all, I've
found that it is fun! The business of perfection is extremely seri-
ous, but the conversation and interaction with your peers can
make for a very enjoyable experience.

This year was a particularly busy year in the Northeast re-
gion for large-scale events. The need for volunteers was great-
er this year with the U.S. Amateur, U.S. Open, U.S. Women's
Open, Walker Cup, and PGA Championship all making appear-
ances in the area. If you didn't have the chance to get inside
the ropes there, there are many annual opportunities as well
with the Deutche Bank Championship, The Barclay’s, Dick's
Sporting Goods Open, CVS Charity as well as others. If you
have volunteered in the past, | hope you have found it as re-
warding as | have and will consider lending a hand again. If you

continued on page 5§
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Phosphorous vs. Phosphite

In order to fully understand the differences let's start
by clearing up the differences between phosphorous ferti-
lizers (P) and phosphite fertilizers. Fertilizer P is normally
found in the form of phosphoric acid (HsPOs). In acid
soils, fertilizer P is converted primarily into the dihydrogen
phosphate (H,POg4) form. This form is readily taken up by
the host plant or it reacts with Fe, and or Al and is tied up
in the soil. Common examples of fertilizer P are monam-
monium phosphate, (NH4H.PO,) and of course Nutrol,
monopotassium phosphate (KH,PO,).

PhosphorouS Acid (H3PO3) appears only slightly dif-
ferent than phosphoriC acid (H;PO,). It has one less oxy-
gen attached to phosphorous. Phosphorus acid can be
altered and become a phosphonate ion (HPO;%). Once it
is in the phosphite form, it is very stable and does not
convert to the fertilizer P form, phosphate. The phospho-
nate ion is more commonly referred to as phosphite.
Since phosphite has one less oxygen molecule than
phosphate (H,PQy) it is more soluble and quickly ab-
sorbed by the plant. The plant does not recognize phos-
phite as a nutrient source and it is xylem and phloem ac-
tive. It is interesting to note that fosetyl-Al which is mono-
ethyl phosphonate also converts to phosphite in the plant
and becomes a true systemic fungicide.

Phosphites have been investigated for potential use
as a fertilizer. They reported P-deficiency symptoms when
using phosphorous acid (phosphite) as a nutrient for plant
growth. Whereas, P fertilizer (MAP) is an excellent plant
nutrient but is unable to control Pythium aside from mak-
ing the host plant healthier, Forster et al. (1998). It is be-
lieved that the primary function of phosphite is to stimu-
late the plants natural defenses by accumulating high lev-
els of antibiotic compounds called phytoalexins. In turn,
the plants metabolism and cell wall thickness improves.
Recent studies have shown that phosphite applications
inhibit spore germination and penetration into the plant,
by blocking mycellial growth and spore production. Others
have observed an increase in the host plants natural de-
fenses against several Pythium invaders and significantly
altering summer stress.

Qyeantic

(401) 835-0287 cel
(413) 863-0099 Fax

Michelle@AtlanticGolfandTurf.com Michelle Maltais

Technical Representative
9 Industrial Boulevard

Turners Falls, Massachusetts 01376
www.AtlanticGolfandTurf.com

Many phosphite products exist in the market today.
They can be separated into different groups based on
how they are manufactured. Potassium phosphites for
example, comprise the largest group. Phosphoric acid
and potassium hydroxide are combined together in an
acid base heat evolving reaction to create potassium
phosphite (K3POjs). This group can be further separated
based on phosphite load per gallon.

When urea is combined with phosphorous acid a urea
phosphite is created. It's a simple reaction creating a sta-
ble form of phosphite. This formulation has a very high
phosphite load.

Understanding the product pH, the rate of application
and water pH is vital. For Example, 0-0-25 potassium thi-
osulfate has a pH of approximately 8.0. The rate ranges
from 6 — 11 02/1000 sf. The 150 gallon tank covers ap-
proximately two acres of turf, 2 — 7.5 gallons of 0-0-25 will
be added to the tank. The pH of the spray tank will rise
above a pH of 7.0 creating an alkaline spray mixture. Al-
kalinity creates chemical breakdown of organophos-
phates, carbamates, trinexapac-ethyl and etc.. It is rec-
ommended to keep your spray tank pH between 4-6.

The general rule historically has been to follow the
W-A-L-E method which is:

1. Fill tank with water, at least half full
2. Add WP's and or WDG's
3. Agitate until they are completely dispersed continue
filling to 90% capacity
4. Add flowable liquids
5. Add EC’s and or PHOSPHITES or Fosetyl-Al, filling
tank to 100% capacity
Scott Mackintosh
Atlantic Golf & Turf
References:

Fenn, M.E., and Coffey, M.D. 1985.Further evidence for the
direct mode of action of Fosetyl-Al and phosphorous acid.
Phytopathology 75:1064-1068.

Forster, H., J.E. Adaskaveg, D.H. Kim, and M.E. Stanghellini.
1998. Effect of Phosphite on Tomato and Pepper Plants and on
Susceptibility of Pepper to Phytophthora Root and Crown Rot in
Hydroponic Culture.Plant Dis.82:1165-1170.

Handbook of Phytoalexin Metabolism and Action, edited by
M.Daniel&R.P.page 305-306 Copy right 1995 by Marcel Dekker,
Inc. 270 Madison Avenue, New York, New York

Fungicidal Activity and Nutritional Value of Phosphorous Ac-
id.Brunnings, A.M., Datnoff, L.E., and Simone, E. H.
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Kevin Doyle - continued from page 3

have never stepped to the plate to help out, | recommend you
try it. You never know what golfers might do when you put a
collection of superintendents together in search of perfec-
tion....possibly make history!

GCSAA Resources and Deadlines

Hopefully, this section will serve as a reminder of benefits
you receive already but forgot, or highlight new benefits beyond
the award winning magazine you already receive!

All eligible members are automatically enrolled into the
dues term life insurance group policy at no additional cost! Ben-
efits range from $1000-10,000 depending on the age of the
member. For specifics on this member benefit visit GCSAA.org
and click on "Membership & Benefits” near the top of the page.
Be sure to visit if you need to update your beneficiary.

Golf Industry Show:

Housing for the 2014 Conference and Show in Orlando is now
open! Reserve your housing early before they fill up.
Conference Registration for Members opens November 5"
Details, including charnges to the 2014 show and highlights from
2013 can be found here.

Bayer Plant Health Scholarship
Two Class A and superintendent members of GCSAA will each

receive a $2,500 award for continuing education in the area of
plant health. The award can be used in the following ways:
e Toward costs for continuing education at an institution of

Page 5

higher learning. A check will be issued to both the scholar-
ship recipient and the institution.

e Toward costs for attending a local, regional or national edu-
cational conference or workshop for the purpose of continu-
ing education. The award check will not have taxes with-
held for federal or state purposes. Recipients choosing this
option will receive Form 1099 from GCSAA in 2014 stating
the value of the package based on actual costs, which they
will report as other income for 2013. Please consult a tax
adviser with any questions.

Application deadline has been extended to November 1, and

more information can be found here.

w++++ ook for an exciting new communication tool from GCSAA
coming soon.....and | have been working with an industry part-
ner on a program to benefit chapter education programs!

Again, if | can be of any assistance, please feel free to contact
me.

Kevin Doyle

GCSAA Field Staff
kdoyle@gcsaa.org

Follow me on Twitter @GCSAA_NE

® | ;SCA Green Construction

® USCA Bunker Sand

M Tce Mix Materials

M USGA Fairway Topdressing Sands

read custom soils

833-475-5520
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RIGCSA Scholarship & Research Tournament

Photo Credit - Michelle Maltais
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RIGCSA 31st Annual

Scholarship & Research Tournament

Sponsors

Super Titanium
($1000.00 or up)

BASF Turf & Ornamental
Bayer Environmental Science
Rhode Island Golf Association

Syngenta Professional Products
Valent Professional Products

Platinum Plus
($700.00 - $999.99)

Agrium Advanced Technologies
Harrells

Platinum
($300.00 - $699.00)

A-OK Turf Equipment
Barenbrug USA
Country Club Enterprises
New England Golf Cars
Shrewsbury Landscapes Inc.
Tartan Farms, LLC
Turf Enhancement Enterprises
Turf Products Corporation

United Phosphorus, Inc. (Phoenix)

WinField Solutions

Page 7
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SPONSORS

AGRIUM ADVANCED
TECHNOLOGIES
Direct Solutions
Fertilizer, Seed, Chemicals
Jim Pritchard (401) 258-5472
Jpritchard@agriumat.com
Mike Santos (401) 793-1639
msantos@agriumat.com

ALLENS SEED
(401) 294-2722 (800) 527-3898
Celebrating over 60 years of servicing
Golf Course Superintendents with products
for managing quality turfgrass. When you
need fertilizer, control products, premium
grass seed, equipment repair and parts call
Adam Allen, Al LaPrige,
Erik or Paul Hagenstein, or Peter Lund for
more information.

A-OK TURF EQUIPMENT
Lastec, Tycrop, Blec, Wiedenmann, Therrien,
Graden, Sweep & Fiil, Baroness,
and used equipment.

(401) 826-2584 www.aokturfequipment.com

BARENBRUG USA
Producers of RTF, Turf Blue HGT,
Supercharged Bentgrasses and
Regenerating Perennial Rye
Great in Grass
Bruce Chapman, Territory Manager
401-578-2300
bchapman@barusa.com

BASF TURF & ORNAMENTAL
“We don't make the turf. We make it better.”
betterturf.basf.us

BAYER ENVIRONMENTAL SCIENCE
Building on an already solid foundation of
proven products to help you succeed
Brian Giblin (508) 439-9809
Brian.Giblin@bayer.com
Baked by Bayer

BISCO / RAIN BIRD GOLF
Imigation Sales
Andrew Langlois (508) 868-6996
Jay Anderson (203) 494-5217
Dan Fuller (508) 789-2323

THE CARDINALS, INC.

John Caliahan (800) 861-62568
Complete distributor of goif course
accessories; seed, fertilizer, chemicals, wet-
ting agents, safety supplies and other turf
related specialty products.
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Scholarship & Research Tournament Sponsors

RIGCSA 31st Annual

Gold
($250.00 - 299.00)

Arysta Life Science

DAF Services, Inc.

Read Custom Soils
TLC-Products

Silver
($200.00 - $249.00)

Allens Seed
Atlantic Golf & Turf
BISCO
The Cardinals, Inc.
Chas. C. Hart Seed Co.
DGM Systems / Kochek
Five Star Golf Cars
Hillcrest Turf Services
Mulligan’s Island Golf & Ent.
New England Specialty Soils
Northeast Nursery
Shawnmark Industries
Slater Farms
SODCO, Inc.

Steven Willand Inc.
Tom Irwin, Inc.

Golf Balls
Acushnet Company / Titleist

Flags
John Deere Golf - Ron Tumiski

Outside Sponsors

Arnold Lumber Company
Dave’s Bar & Grill
Grigg Brothers
John J. Clark Insurance Inc.
McLaughlin & Moran, Inc.
Patrick Fallow (1996 Scholarship Recipient)
Rl Turfgrass Foundation
Security Cleaners
UBS Financial Services

Surf ‘n’ Turf
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SPONSORS

THE CHAS. C. HART SEED CO.
(800)-326-4278 www.HARTSEED.com
Mike Carignan
Cell: 603-540-2562
mcarignan@hartseed.com
Independent distributor of quality turfgrass
seed, fertilizer and Turf care products. Au-
thorized distributor for Bayer, Syngenta,
Aquatrols, Griggs Bros.

COUNTRY CLUB ENTERPRISES
Club Car Utility Vehicles and Golf Cars
Sales - Service - Parts
www.ccegolfcars.com  (800)-662-2585
Keith Tortorella 508-982-4820
Mike Tumer 508-245-1268

GARDNER + GERRISH, LLC
Golf Course Design
Offering over 15 years of golf course design
experience including, feature renovation, tree
analysis, cart path layout, master planning,
construction observation, planting design and
landscape architecture.

Contact RIGCSA member Tim Gerrish, RLA
at 401-263-3784 tim@gardner-germrish.com

HARRELL’S
(401) 397-5500
Service - Knowledge - Experience
The superintendents’ source for high-tech turf
care products, contact Michael Kroian.

HILLCREST TURF SERVICES
Providing quality service to goif courses
dethatching, root pruning, seeding
Michael Parks 617-852-0479
michaelparks09@comcast.net

MATRIX TURF SOLUTIONS LLC
Distributor of Quality Fertilizer, Grass Seed
and Control Products for the Golf Course and
Landscape Industry.

Larry Anshewitz 508-789-4810
Chris Bengtson 978-360-0981
Mike Pajolek 508-789-1529

NEW ENGLAND GOLF CARS
Sales, Service, Rentals
Scott Cookson, Paul Amorin, Jon Cookson
(508) 336-4285 Fax: (508) 336-4762
www.NewEnglandGolfCars.com
Yamaha Golf Cars / Yamaha Utility Cars

NEW ENGLAND SPECIALTY SOILS
1mm & 2mm. Top Dressing Sand
Rootzone Mixes, Buff & HD Bunker Sand
Divot Blends- Bulk/Bagged delivery
Ed Downing 978-230-2300
ed@nesoils.com
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Scott Gabrielson Renews Professional

Certification

Scott W. Gabrielson, GCSAA certified golf course superintendent at Alpine
Country Club, Cranston, R.l., has completed the renewal process for maintain-
ing his status as a Certified Golf Course Superintendent (CGCS) with the Golf
Course Superintendents Association of America (GCSAA).

Gabrielson has been at Alpine Country Club since 2002. An 18-year
GCSAA member, he initially achieved his certification in 2010. Approximately
1,500 golf course superintendents worldwide currently hold “CGCS” status.

According to GCSAA Chief Executive Officer Rhett Evans, “25 percent of
GCSAA's Class A members have elected to earn the highest level of recogni-
tion through the professional designation "CGCS" by completion of the GCSAA
Certification Program. This program requires their demonstration of a higher set
of competencies in golf course management through testing and practical appli-
cation. Employers can be confident they employ a career professional who will
increase their chances of having consistently superior course conditions.”

To qualify for GCSAA's new competency-based certification program, a
candidate must have at least three years experience as a golf course superin-
tendent, be employed in that capacity and meet post-secondary educational
requirements and/or continuing education points. The candidate’s knowledge,
skills and abilities are validated through the development of a portfolio consist-
ing of their responses to skill statements, case-study scenarios and submission
of work samples; an on-site inspection of their golf facility; and a rigorous six-
hour examination covering: equipment, irrigation systems, materials and tech-
nology; golf course and grounds; human resources, rules of golf, financial and
administrative systems, regulatory and programmatic systems, crisis manage-
ment, project management and ethics and values.

Maintaining certified status requires renewal every five years after the initial
date of certification. To fulfill certification renewal requirements, a candidate
must participate in 150 hours of continuing education and professional develop-
ment.

Bayer Environmental Science

BACKED
by BAY ER.

Building on an already solid foundation of
proven products to help you succeed.
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PLANT FOOD COMPANY, INC.
The Liquid Fertilizer Experts
and Perfectionists Like You

Jason Dowgiewicz
860.508.5419 / 800.562.1291
WWW.DI co.com
SHAWNMARK INDUSTRIES, INC.

“TOMORROW'S Chemical Needs TODAY"A

complete line of specialty turf products as well

as engine degreasers, equipment mainte-
nance products, aerosols and ice meit. Call

Matt Howland at (401) 295-1673 for personal-

ized service 24 hours a day or visit our web-
site at www.shawnmark.com.

STEVEN WILLAND iINC.
George Wise - 508-274-7445
Eric Euell - 401-640-5031
Parts and Service - 866-435-1380

s Wi i

SYNGENTA PROFESSIONAL
PRODUCTS
Melissa Gugliotti 860-221-5712
Email: Melissa.gugliotti@syngenta.com
www.syngentaprofessionalproducts.com

TOM IRWIN, INC.
1-800-582-5959
Greg Misodoulakis - 508-243-6166
New England's most complete distributor of
chemicals, Lebanon fertilizers, Earthwork's
organics, seed and golf course supplies.
With Tom Irwin, you're not alone.

TUCKAHOE TURF FARMS, INC.
(800)-556-6985
Offering a seiection of putting green quality
bentgrass varieties. Also, blends for tees,
fairways, bunkers and roughs.
Washing available.
Contact Steve Donohue or Joe Farina.

TURF ENHANCEMENT ENTERPRISES
Tom Fox  508-450-9254
Featuring Floratine Products,
Analync Soll Testing and Analysis,
JRM tines and bedknives and
Greenleaf TurboDrop spray nozzles.

TURF PRODUCTS CORPORATION
(800)-243-4355
Carmrying the complete line of TORO
equipment. Call Dana Dubois for
demonstrations. For your TORO irrigation
needs - sprinklers, pipes, fittings, Otterbine
aerators and wire trackers,
contact Tim Berge.




THE MOWER THEY DON'T
WANT YOU TO SEE.

steven

Wt LANNID)

Quality Turf Equipment

Eric Euell
401-640-5031

George Wise
508-274-7445

CONTACT

US FOR A
DEMO

The competition doesn't want you to see
the JACOBSEN ECLIPSE 322 riding greens
mower. They can't match its ZERO LEAK
POINTS. They cant offer PROGRAMMABLE
FREQUENCY-OF-CLIP from an LED screen.
They can't provide INDIVIDUAL REEL
CONTROL. And they can't get anywhere
near the TRUE HYBRID FUEL SAVINGS or
LEGENDARY QUALITY-OF-CUT. When it
comes to the ECLIPSE 322, the competition
can't do anything except hope you don't see
it. 1 guess we just ruined that for them, too.

Turfco--Ventrac--Smithco--RedMax--Redexim--Planet Air
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September Meeting Photos - Carnegie Abbey Club
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i We provide the highest quality natural sands
+ Root Zone Blends and stone products. For applications ranging
' m m'ﬁkﬂ from sports turf fields to golf courses, our
+ Drainage Stone products are perfect for every project.
+ Drilt and Fill

- Synthetic Turf Let us quote on your project. Call Bob
é Eincrgiies Chalifour at 860-908-7414, or fax all specs
+ Green Rooftops '

- Blend to YOURRatio  tO us at 401-762-4976.

MSlater [} Holliston

Slatersville, R 02876 401-766-5010 www.hollistonsand.com

Holliston Sand Company Our products are also available dry and In bulk and packaged form.
is NSF certified Dclivered with dump truck, flatbed or pnecumatic tankey.
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Announcements:

Congratulations to Eric and Lindsay Euell on the
birth of their daughter Lila who was born on October
23, 2013.

Our condolences are extended to John Petraitis and
family on the passing of his wife Claire who passed
away on September 25, 2013.

Our condolences are extended to Debbie and David
Creta on the passing of Debbie’s mother, Ethel
Giusti, on September 30, 2013.

Larry Anshewitz has new contact information. His
email address is lanshewitz@comcast.net Cell
phone: 508-789-5357 Home: 508-977-9871

John Bresnahan has accepted a new position as
Strategic Market Support Manager for Harrells. His
new email address is jbresnahan@harrells.com and
his phone numbers stay the same at office -
413.565.5340 and mobile 413.374.4102.

Mike Pajolek is now working for WinField Solutions.
His new email address is
mcpajolek@landolakes.com. His phone number is
the same at (508) 789-1529.

Chris Bengtson is now working for WinField Solu-
tions. His new email address is
crbengtson@landolakes.com. His phone number is
the same at (978) 360-0981.

BISCO is pleased to announce that Bill Stinson has
joined BISCO as Golf Manager, effective September
9, 2013. Bill brings with him nearly twenty years of
experience in golf irrigation. He also has extensive
experience with the Rain Bird product line, pumping,
and the many allied products used in golf course
irrigation. Bill is based in western MA, with easy ac-
cess to all locations in New England. He can be
reached at: 413-668-7943 or bstin-
son@biscoirrigation.com

The Golf Course Superintendents Association of
America (GCSAA) has awarded its 2013 Joseph S.
Garske Collegiate Grants to Kristen Sauer, Cath-
erine Felicetti, Christopher McAvoy, Samantha Brad-
ley and Kaci Whitehead.

The Garske Grant was established in honor of Par
Aide company founder Joseph S. Garske. It is fund-
ed by Par Aide, a golf course accessory company,
and administered by the Environmental Institute for
Golf, the philanthropic organization of GCSAA. The
program assists children and stepchildren of GCSAA
members to fund their education at an accredited
college or trade school with one-time, one-year
grants awarded to five winners without renewals.
Grants are based on community service, leadership,
academic performance and a written essay.

e Sauer, from Boylston, Mass., is a student at Provi-
dence College and earned a $2,500 scholarship.
Her father, Todd A. Sauer, is the GCSAA Class A
superintendent at Mount Pleasant Country Club in
Boylston, Mass.

e Felicetti, an Ithaca College student from Forest-
dale, Mass., earned a $2,000 scholarship. Her fa-
ther, Joseph F. Felicetti, is the GCSAA certified golf
course superintendent at The Pinehills Golf Club in
Plymouth, Mass.

e McAvoy, a Fordham University student from West
Hempstead, N.Y., earned a $1,500 scholarship. His
father, Thomas O. McAvoy, is the GCSAA certified
golf course superintendent at Old Westbury Golf &
Country Club in Old Westbury, N.Y.

e Bradley, a University of St. Joseph student from
Plainville, Conn., earned a $1,000 scholarship. Her
father, Gregory Bradley, is the GCSAA Class A su-
perintendent at Farmington Woods Country Club in
Unionville, Conn.

e Whitehead, an Indiana University/Purdue Univer-
sity of Fort Wayne student from Syracuse, Ind., re-
ceives a $500 scholarship. Her father, James B.
Whitehead, is the GCSAA member superintendent
at Maxwelton Golf Course in Syracuse, Ind.
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Abstract

Phosphite (PO;'; Phi), a reduced form of phosphate (PO} Pi), is widely marketed as either a fungicide or
fertilizer or sometimes as a biostimulant. This is confusing for both distributors and growers. The present
paper explores data from various studies to clarify that Phi does not provide plant P nutrition and thus
cannot complement or substitute Pi at any rate. In addition, Phi itself does not have any beneficial effect
on the growth of healthy plants, regardless of whether it is applied alone or in combination with Pi at differ-
ent ratios or different rates. The effect of Phi on plants is not consistent, but is strongly dependent on the Pi
status of the plants. In most cases, the deleterious effect of Phi is evident in Pi-starved, but not Pi-sufficient,
plants. Plants fertilized with Pi allowing for approximately 80~90% of its maximum growth might still be
at risk of the effect. This negative effect becomes more pronounced under more seriously Pi-deficient condi-
tions. Although a number of studies have shown positive crop responses to Phi, these responses are likely
to be attributable to the suppression of plant diseases by Phi and/or to Pi formed from oxidation of Phi by
microbes. In addition, indirectly providing P by Phi-to-Pi oxidation is not an effective means of supplying
P to plants compared with Pi fertilizer. An understanding of these issues will aid the right selection of fertilizer

as well as minimize the harmful effects of Phi use on crops.

Key words:

INTRODUCTION

Phosphorus (P) is one of the major essential macronu-
trients required by all living organisms. In nature, P does
not exist as a free element, but rather in combination
with other elements, such as oxygen (O) or hydrogen
(H). It occurs in a fully oxidized form (P has valence of
+5) as phosphate anion (PO}; Pi) and with one less
oxygen (P has valence of +3) as phosphite (PO} Phi).
The conjugate acid of the phosphite anion is phospho-
rous acid (H;PO,). In general, the term phosphite is com-
monly referred to as the salts of phosphorous acid and
the term phosphonate is used to mean phosphite ester
containing a carbon~phosphorus (C-P) bond that is chem-
ically distinct from the labile carbon—oxygen—phosphorus
(C~O-P) bond found in phosphate ester (White and
Metcalf 2007).
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For many years, Pi compounds were considered to be
the only form that could supply P nutrition to plants. In
fertilizer, P is normally found in the form of phosphoric
acid (H3PO,) and its salts, such as, triple super phosphate,
ammonium phosphate and potassium phosphate. All of
these forms readily disassociate to release hydrogen
phosphate (HPO?) and dihydrogen phosphate (H,PO;),
which are used by plants. Phi compounds have been
recognized as excellent fungicides for controlling many
important plant diseases caused by Oomycetes, particu-
larly Phytophthora sp. (Fenn and Coffey 1984; Foster
et al. 1998; Grant et al. 1992; Guest and Grant 1991;
Guest et al. 1995; Jackson et al. 2000; Jee et al. 2002;
Smillie et al. 1989). However, they are not considered
to be P fertilizers because an early study examining
different P compounds by Maclntire et al. (1950) con-
cluded that Phi compounds were a very poor source of
P for crops compared with Pi fertilizers. Renewed interest
in Phi as a plant nutrient has increased since the early
1990s when Lovatt (1990a) discovered that P deficiency
caused changes in nitrogen metabolism and that the
foliar application of potassium phosphite to P-deficient
citrus recovered the biological response of plants and
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Table 1 From fungicides to fertilizers: the marketing of some products with phosphorous and phosphite as the active ingredient

Product Company Country  Active ingredient Marketed as

Aljette Bayer Cropscience Germany  Aluminum phosphite Fungicide

Nutri-phite Biagro Westem Sales USA Phosphite and organic acids  Fertilizer

Ele-Max Helena Chemical USA Phosphorous acid Foliar fertilizer

ProPhyt Luxembourg-pamol USA Monopotassium phosphite Systemic fungicide

Nutrol Lidochem USA Potassium phosphite Fertilizer and fungicide

Phostrol NuFarm America USA Phosphorous acid Biochemical pesticide

Agrifos Liquid Fert Pty (Agrichem) USA Monopotassium phosphite Fungicide

Foli-r-fos 400 UiM Agrochemicals Australia  Monopotassium phosphite Fungicide

Fosphite Jh Biotech USA Monopotassium phosphite Fungicide

Lexx-a-phos Foliar Nutrients Inc USA Monopotassium phosphite Fungicide

Trafos line Tradecorp Spain Potassium phosphite Fertilizer and defense stimulator

Phytos’K Valagro Italy Potassium phosphite Biostimulant (registered
as EC fertilizer)

Phosfik line Biolchem Italy Phosphorous acid EC fertilizer

Fosfisan, Vigorsan  Agrofill Italy Potassium phosphite Defense stimulator (registered
as fertilizer)

Geros-K L-Gobbi Italy Potassium phosphite EC fertilizer

Kalium Plus Lebosol Germany  Potassium phosphite EC fertilizer

Frutoguard Spiess Urania Germany  Potassium phosphite EC fertilizer

Foliaphos Plantin France Potassium phosphite EC fertilizer

Source: Leymonie 2007. EC, European Commission (for identifying chemicals).

consequently restored normal plant growth. Additional
studies by Lovatt (1990b) further suggested that soil or
foliar application of Phi could replace Pi as a source of
P in avocado. A series of US patents, such as US Patent
numbers 5514200 (Lovatt 1996), 5830255 (Lovatt 1998)
and 5707418 (Hsu 1998) describe formulations con-
taining Phi that are suitable as P fertilizers for plants. The
work of Lovatt led to the first commercialization of Phi
compounds as fertilizer. This fertilizer was sold under
the trademark Nutri-phite (Biagro Western Sales, Visalia,
CA, USA). Many new P fertilizers based on Phi are now
being marketed. The list of Phi products that are avail-
able in the American and European markets that are
sold as fertilizers now includes 10 different brand names
(see Table 1) (Leymonie 2007). All of these products
are formulated as alkali salts of phosphorous acid
(H;PO;) and have been registered under the fertilizer
laws. Some are even described more as “biostimulants”
than as fertilizers. However, the representation and the
use of Phi-containing products as sources of plant nutri-
tional P have been subjected to ongoing controversy.
This has also created much confusion for distributors and
growers (Leymonie 2007). There are numerous publi-
cations indicating that Phi can be well absorbed by
leaves and roots, but has no utility for plants as a P
fertilizer (Carswell et al. 1996; Forster et al. 1998;
Schroetter et al. 2006). Instead, Phi was found to have
negative effects on the growth and metabolism of P-
deficient plants by suppressing the typical molecular and
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developmental responses of plants to P deficiency (Abel
etal. 2002; Carswell et al. 1996, 1997; Ticconi et al.
2001; Varadarajan et al. 2002). Phi intensifies the dele-
terious effects of P deficiency by tricking Pi-deprived plant
cells into sensing that they are Pi sufficient, when in fact
their cellular Pi content is extremely low (McDonald
et al. 2001a).

The confusion about Phi became greater when some
scientists (Lovatt and Mikkelsen 2006; Watanabe 2005)
claimed that the negative effects of Phi on plant growth
observed in many studies resulted from the inappropri-
ate use of this material, for example, as a primary source
of P or in excessive amounts. Lovatt and Mikkelsen
(2006) emphasized that “since phosphite is chemically
different from phosphate, these differences must be taken
into consideration to avoid plant toxicity” and that Phi,
if used at appropriate rates, can provide stimulation to
plants that may not occur with Pi. Lovatt and Mikkelsen
(2006) suggested that Phi is more than just a fungicide;
for example, it increases floral intensity, yield, fruit size
and total soluble solids. In addition, combinations of
Phi and Pi ions are believed to be more effective than
either Pi or Phi alone in plant assimilation (Foster et al.
1998; Young 2004).

What are the true effects of Phi on the growth of plants
aside from the fungicidal actions? Does Phi have any
nutritional impact on plants? Can Phi provide stimulating
effects to healthy plants? Can a combination of Phi and
Pi be more effective in plant assimilation than either ion
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alone? This article will explore data from various studies
to shed light on these questions.

PHOSPHITE IS NOT A FERTILIZER
AND DOES NOT HAVE ANY
BENEFICIAL EFFECT ON THE
GROWTH OF HEALTHY PLANTS

Aside from the early works of Lovatt (1990a,b) dem-
onstrating that Phi was readily taken up through leaves
and could replace Pi as a source of P in the metabolism
of citrus and avocado, a number of studies have high-
lighted the potential use of Phi as P fertilizer for plants.
Albrigo (1999) demonstrated that foliar application of
potassium phosphite on Valencia orange trees in Florida
clearly increased both the yield (boxes per hectare) and
quality (orange juice soluble solids per hectare) over
untreated controls, although the mechanism of the Phi
effect remains unclear. Another study by Lovatt (1999)
on Navel orange trees indicated that foliar application
of potassium phosphite in May and July significantly
increased the yield, fruit size and total soluble solids.
The improvement in the yield and fruit quality after foliar
application of potassium phosphite was interpreted as
a response of citrus fruit to increased P nutrition. Simi-
larly, foliar application of potassium phosphite has been
reported to accelerate the flowers and fruit setting and,
hence, significantly increase the yield of Satsuma orange
compared with untreated controls or a foliar Pi treatment
(Watanabe 2005). Rickard (2000) summarized studies
on crop responses to commercial Phi-derived P fertilizers.
Most of the studies in his review were carried out under
field conditions and all results showed that soil or foliar
application of Phi fertilizer consistently improved the
yield and quality of many crops, such as celery, onion,
potatoes, peaches, orange and cotton. However, there
is no evidence that Phi can be used directly by plants as
a source of nutritional P. In addition, data showing that the
effectiveness of Phi-derived P fertilizer is equal to or better
than that of conventional Pi fertilizers are very rare.

In contrast, numerous other studies have indicated that
Phi compounds cannot be used as P fertilizer by plants.
Hydroponically cultivated tomato and pepper plants
treated with either commercial Phi or technical Phi (pre-
pared from acid phosphorous and neutralized with KOH)
exhibited a significant reduction in growth compared
with Pi-fertilized plants (Forster et al. 1998; Varadarajan
et al. 2002). A study by Schroetter et al. (2006) on maize
plants indicated that foliar application of potassium
phosphite did not improve the growth of maize plants
in a field trial under either Pi-deficient or Pi-sufficient
conditions. In his pot experiment, the growth of maize
plants treated with potassium phosphite as the sole P
source via either soil or foliar applications was strongly

inhibited. The negative effects of Phi ranged from stunted
growth to complete death. A negative effect of Phi was
also found in Brassica nigra seedlings grown in vitro
(Carswell et al. 1996), in Brassica napus cell suspension
(Singh et al. 2003), and in Ulva lactuca culture (Lee
et al. 2005).

Although most plants readily absorb and translocate
Phi, it does not appear to be readily oxidized or metab-
olized in plants (Carswell et al. 1996, 1997; Guest and
Grant 1991). Instead, Phi is found to be deleterious to
Pi-starved, but not Pi-fertilized plants by suppressing a
wide range of the plant’s responses to Pi deficiency (Car-
swell et al. 1996, 1997; Ticconi et al. 2001; Varadarajan
et al. 2002), consequently exacerbating the deleterious
effects of Pi starvation (Mcdoldnan et al. 2001a). En-
hanced root growth or an increased root to shoot ratio,
the hallmark of Pi stress responses, were found to be
strongly inhibited by Phi in B. nigra (Carswell et al. 1996),
tomato (Varadarajan et al. 2002), spinach, komatsuna
and celery (Thao et al. 2008a,b; Thao and Yamakawa
2008). Pi-starvation-induced root growth (root hairs,
root length and root density) in Arabidopsis was also
significantly reduced by Phi treatment (Ticconi et al.
2001). In addition, Phi has been shown to prevent the
acclimation of plants and yeast to Pi deficiency by
specifically suppressing the expression of Pi-starvation-
inducible genes (Carswell et al. 1996, 1997; Mcdoldnan
etal. 2001b; Ticconi etal. 2001; Varadarajan etal.
2002). Biochemical adaptations to Pi starvation include
increased synthesis of anthocyanins, presumably to adjust
photosynthesis light reactions to the Pi-dependent Calvin
cycle, and increased synthesis of enzymes for scavenging
intra-cellular and extra-cellular P (Ticconi et al. 2001).
In Arabidopsis, the accumulation of anthocyanins and
the activities of Pi-starvation-inducible nucleolytic enzy-
mes (ribonuclease, phosphodiesterase and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>